AD-R120 814  FLAT PLRTE PHOTOVOLTRXC POMER SVSTEHS DESCRXPTION
’ DESIGN AND COST<U) NAVAL WEAPONS CENTER CHINA LAKE CA
M R HALL ET AL. JUL 82 NWC-TP-6381
UNCLASSIFIED F/G 18/2

b4
-




. p s .-*41,-5‘1
oy AN Wy -.u.u‘...t. ‘ 7 .. ’

)5"*

EFEEE

:

4

W mwunﬁﬂ 4 mmmm ~
|

CEFFTT) -

EEE

o _
x ”

MICROCOPY REBOLUTION TEST CHART

NATIONAL BUREAU OF SYAMDARDS-1963-A

|

-
W'F;;
i
i
YT

Sm M TR B

e ey

I

4

S

m_

ummu

i umunmulnu-
"
1

MICROCOPY RESOLUTION TEST CHART :
et e ST . 0 - S NATIONAL BUREAU OF STANDARDS-1963-A r—-—-——«“’—T---m-“-*"— B
{
@
~

;
¥
i
;
¢
H
]

3
3
k!
& 1
'
W
b .M
) .. q‘.

-l

)
PRI P W T

e FE

T

EE}

mmm._._
mmuu <

1.25
MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A




& 4

by
Michael R. Hall
. Garyl D. Smith
NWC Energy Program Office
: David L. Holmes -
Naval Civil Engineering Laboratory

JULY 1982

'NAVAL WEAPONS CENTER x
CHINA LAKE, CALIFORNIA 936856, - D—\—\('

82 10 28 031




‘vm"} ‘r} 4
% §

N
S AR Ky I

APELR
r

UNCLASSIFIED

. s
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)
READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE e EAD INSTRUCTIONS —
[+] NUW 2. GOVY ACCESSION NOJ 3./ RECIPIENT'S CATALOG NUMBER
NWC TP 6381 DY

IS PERFORMING ORGANIZATION NAME AND ADDRESS

4. TITLE (and Subtitle)
FLAT PLATE PHOTOVOLTAIC POWER SYSTEMS:
DESCRIPTION, DESIGN, AND COST

. ‘I’Y.P! OF REPORT & PERIOD COVERED

A summary report

8. PIRFO.M"IO ORG. REPORT NUMBER

3. AUTHON(®)
Michael R. Hall, Garyl D. Smith, and David L. Holmes

. CONTRACT OR GRANT NUMBER(s)

'a GRA IMINT PROJECT, TASK
Aas go K UNIT NUMBERS

Dept. of Navy Work Request
No. N6830582WR20037

Naval Weapons Center
China Lake, CA 93555

Naval Weapons Center July 1982
China Lake, CA 93555 13, NUMBER OF PAGES
116
[ TE WONITORING AGENCY NAME & ADDRESS(Il different from Controliing Office) | 18. SECURITY CLASS. (of thie report)
UNCLASSIFIED

[76. OISTRIBUTION STATEMENT (of this Report)

11, CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

[ CL ASSIF
a, ggn &'ou'f.': ICATION/ DOWNGRADING

Approved for public release; distribution unlimited.

NI

—ﬁ")"ﬂ

sy —
18. SUPPLEMENTARY NOTES

17. DISTRIBUTION STATEMENT (of the abetract entered in Block 20, if ditfersnt frem Repert)

7
" 0CT28 198

+t

4

19. KEY WORDS (Continue on reverse side if necessasy and identify by block number)
Battery Storage Sizing
Energy Sources
Photovoltaic Power Systems, Flat Pla
Power Systems .i
Solar Radiation, Power Source

20. ABSTRACT (Continue on reverse side If necessary and identify by block mmber)

o2

See back of form.

ﬁ

I

EDITION OF | NOV 68 IS OBSOLETE
$/N 0102-LF-014-6601

DD ,Gony 1473 UNCLASSIFIED

SECURMTY CLASHFICATION OF THIS PAGE (When Deote Bntered)

FY)

T T P
R AT N i VA A S




)
»

)..

X
Bk

2

Ex

p etk
A rsa s

¥

St

I
¥

Y

N B o e o o Mgl N PN g B ke b = e Pt T 7D
v By ) ‘3 Mﬁédﬂh :.&“s»:c.’lz_a‘i' A :ly‘ﬁ.ﬂ‘ k. W "..,..-‘-':v.i .“ub-x-a«—\_..‘ L"‘A’ ) s‘&m‘.&‘

Daplrtmentofl!w wqument worldwide Navy
nﬂviﬁumewyﬁludswmmvaeMvoluh

power.
mmmmmmmdmm

.photovoltate power systems ate, how they are sized, their costs, and

MMMMM It also includes all tables and

&oqwmm&drmérudm&omﬂwwwm
Office. Tﬁe ng Mﬂm om wm assist - in preparing

UNCLASSIFIED
SECURITY CLASIFIGATION OF THIS PAGE(UNGS Dota Bvered)

-"“l‘fi""\

N T3 o e, Ak, e SRR T PG P A R W i Tord? TR R AL R

LL.._L\!..'L AR




:‘3 ﬁ ‘fa.f Lot fi‘j

VLT

“

NWZ TP 6381
CONTENTS
.................................................................... 3
Photovoltaic Power System Desoription ................... TR S S 3
PhOtOVOItRIC ATERY SIZING - -« ..o e oeeeeeeeee e e e e, JU ... 10
Battery Storage SIzing ............. ... it i i i e e 14
Photovoltaic Power System Cost Analysis ......................ooiiiiiiiiiiiiia., 17
Concluslons . ...... ... i i i it e et e 24
Bibliography ...... ... e PN 27
A. Equations and Worksheets for Photovoltaic Power System
Sizing and Cost Analysis .............cccoiuiiiiiiiiiiiiiii it 29
B. Photovoltaic Power System Load Identification, System .
Sizing, and Costing Example ..............coiiiiiiiiiiiiiiiiiiiiiiiee.. 37
. C. Photovoltaic Module Specification Sheet .................. [P ... 53
D. Average Daily Solar Insolation Tables ........................... ... ... 55
E. Storage Battery Specification Sheet ................. ... ittt 97
F. Inflation-Discount Factors ....................lcciiiiiiiiiiiiiiinn.. e 9
Acoeastion Tor Dz
NTIS GRAAL
PTIC 1a8 Q :
Unansaounaod a
Justification e e
By
| Distrtbution/_ ]
Availabuu.y Codes
T lavall andfor
1 Dist | Special

e e R RN T e
NP RN PPN LN N VR WA LA VLTRSS A S S S PN R U R P RS




---------------

NWC TP 6381

INTRODUCTION

" The Naval Weapons Center (NWC) has been involved in photovoltaic development since
1974 and was designated lead laboratory for the Department of the Navy's photovoltaic
program . in December 1978. Initial effort as lead laboratory was to coordinate the Navy’s
participation in the Federal Photovoltaic Utilization Program (FPUP) and to transfer the -
emerging photovoltaic technology from the research and development area to the user -
community. The goal of the Navy photovoltaic program is to use photovoltaic systems where
they are cost-effective. In order to reach this goal, it is necessary to have the support of Navy

:

This report serves as a guide to identify applications suitable for photovoltaic systems as a
power source. In addition, the report ‘contains information to assist the design engineer in
preparing a preliminary system design and in determining the cost-effectiveness of the overall

The goal of the FPUP, a program funded by the Department of Energy (DOE), is to
. ‘ the photovoltaic industry by creating a demand for photovoltaic power systems. By
creating the demand, DOE anticipates that the cost of photovoltaic power will be reduced so
that applications will become cost-effective enough to keep up the demand. As the demand
s for photovoltaic power, the costs will decrease. Costs have been reduced under FPUP, -
as-they are reduced, more and more cost-effective applications are being identified.

i

l

1]

FPUP, a multiyear program, is almost complete. No more applications are being accepted
 funding under FPUP, and it is now time for the Navy to purchase photovoltaic power
systems with Navy funds. The Navy photovoltaic program has developed skills in the -
‘ procurement and installation of photovoltaic power systems under FPUP. NWC will continue
to use its skills by assisting any Navy activity that wishes to procure a photovoltaic power
system in preparing contract specifications, evaluating proposals, awarding and monitoring
contracts, and acceptance-testing the systems. Assistance can be obtained by calling Michael
Hall on AUTOVON 437-3411, extension 241, or commercial (619) 939-3411, extension 241.

g

'PHOTOVOLTA:IC POWER SYSTEM DESCRIPTION

The major elements of a photovoltaic power system for a stand-alone (nonutility-grid-
connected) application are solar array modules, either concentrating or flat plate; rechargeable
batteries; and a voltage regulator. For loads requiring an alternating current (AC), an inverter
is required to convert the photovoltaic-generated direct-current (DC) power to AC power.

3
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There are several types of concentrator solar arrays, and they all nequlre either one- or
two-axis sun-tracking mechanisms. The concentrator solar’ cell geometry is designed with
multiple grid patterns to reduce the high cell losses that develop when the cell is subjected to
high solar intensities. In addition, the cell temperature must not exceed 140°C. The cell
temperature is controlled by mounting the solar cell on a pipe through which a coolant is
circulated at a controlled rate to remove excess heat. A.design used on passive concentrator

. collectors employs metal fins for heat rejection.

Flat plate modules have been widely used throughout the world during the last 10 years.
Flat plate solar collectors do not require sun-tracking mechanisms. The collectors are oriented
at a fixed tilt angle at the time of installation. To optimize performance, simple seasonal
adjustment is made in the tilt angle.

Due to the extensive past experience, reliability, and simplicity of design, this report is
concerned only with flat plate modules for stand-alone photovoltaic power systems Figure 1

“depicts a typical photovoltaic system using a flat plate solar array.

A photovoltuic power system captures solar radiation, converts it directly to DC
electricity, conditions the DC electricity to supply the application load with the required power
(e.g., 115 VAC, 60 Hz), and stores any excess power for use on cloudy days or at night.

Solar radiation

Photovoltaic ceil Voltage regulator _
olt ff
Photovoltaic modul /_ Blocking diode Low voltage cuto
il
b L‘ttew Applica-
O storage tion load
3 1
Photovoltaic array - y

" FIGURE 1. Photovoltaic Power System.
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Photovoltaic Cell .

. The photovoltaic cell, also known as a solar cell, is the power source for the system. The
cell, which converts solar radiation directly into electricity, is made of a semiconducting
material with chemical additives used to produce a pn junction near the surface of the
material. Solar radiation reaches the earth in discrete amounts of pure energy called photons.
When the photons hit the pn junction near the surface of the material, the photon’s energy is
used to produce a positive and a negative charge. The charges would recombine if it were not
for the pn junction, which acts as a barrier and keeps the charges apart. The positive charges.
" collect on the p-side of the junction and the negative charges collect on the n-side, creating a
voltage potential across the junction. When electrical contacts are added to the p-side and
n-side of the solar cell, this separation of charges can be used to supply power to an external
"load. The photovoltaic cell can be considered a “solar battery.” Like a battery, the cell has.
positive and negative terminals and will supply power when connected to an external load.
Unlike a battery, the cell cannot store energy, but only supplies energy when exposed to solar
energy. The cell is, in effect, a constant-voltage DC generator. Figure 2 shows the construction

and operation of a photovoltaic cell. .

" Photons .
Electrical Current
contacts '
+
Positive side
P-N junction External
Negative side Voltage load

FIGURE 2. Construction and Operation of a Photovoltaic Cell.

The most common and commercially available photovoltaic cells are fabricated from
_ single-crystal silicon ingots grown from semiconductor-grade polycrystalline silicon. The
polycrystalline materiai is melted (together with controlled amounts of impurities) in a quartz
crucible and grown from small “seed” crystals that are inserted into the melt and rotated as
- they are.slowly withdrawn from the melt. Typically ingots 3 or 4 inches in diameter and 12
inches in length are grown by this process. The completed ingot is then sliced into wafers that
are 10 to 15 mils thick. The wafers are chemically treated to remove defects. The pn junction
is normally formed by gaseous diffusion of phosphorous. Electrical contacts are placed on the
front and back side of the cell by a variety of techniques, including silk screening and
evaporation of silver or other materials. ' '
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" The photovoltaic cell current is primarily dependent on the amount of solar radiation
striking the cell and the exposed cell area. The voltage produced is primarily dependent on the
cell temperature. To compare photovoltaic cells from different manufacturers, it is necessary to
state the different cell output characteristics under standard conditions of solar radiation and
temperature. The photovoltaic industry has agreed to use the following conditions as Standard
Test Conditions:

solar radiation striking the cell = 100 mW/cm2 = 1 kW/m2(317 Btu/h°F)
cell opeuﬂng temperature = approximately 27°C (80°F) ‘
Figure 3 shows the typical output of a 3-inch-diameter silicon solar cell under Standard

Test Conditions. The cell output is also shown normalized to indicate at what operating point
the maximum power is supplied by the cell.
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FICURE 3. Typical 3-Inch Silicon Photovoltaic Cell Characteristic Curves.

“When the cell’s electriéll ‘contacts are shorted, the output voltage is zero, and the cell
supplies the maximum :amount. of current physically possible. This is the short circuit current
(Isc). When the electrical contacts are opened, the cell will be forced to provide the highest

. voltage possible. This is the open circuit voltage (Vo). The operating voltage, current, and

power (poiwer = volts x amperes) supplied by the cell to an external load will depend on the
extamallold’selectrledreshtmee The photovoitaic cell's operating point will lie on the
characteristic curve, and the cell will supply the maximum power to the load at the maximum
power point (P, ) on the characteristic curve. The maximum power will be supplied when the
load voltage is approzimately 80% of the open circuit voltage. Figure 4 shows how the short

. cfrcuit current, open circuit voltage, and maximum power point change with varying solar

radiation intensities and cell temperatures.

As stated earlier, the photovoltaic cell acts like a battery because the cells can be
connedted in series to increase system output voltage or in parallel to increase system output
. current (Figure 5). When photovoltaic cells are connected in series, their output current is the
same as for a single cell. When cells are connected in parallel, their output voltage is the same
as for a single cell.
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FICGURE 5. Photovoltaic Cell Series and Parallel Connectiom

Photovoltaic Module :

Virtually all photovoltaic power systems require power at a higher output than a single
photovoltaic cell. Individual cells are assembled into photovoltaic modules because mounting
single cells would be time-consuming and tedious. The modules usually contain 36 to 40 cells
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‘ o ' ' TABLE 1. Types of Lead-A id Batteries.
S . BATTERY ENERGY COST [ENERGY DENSITY
TYPE CHARACTENISTICS
wd 8/ hWh nwd W/ .
Y] o] %% - Migh seit chacharge shallow dhacharge cvcle
DIESEL (] 1618 Short e under USID QChINe Conditons
monve | aows canr rvee “s-0 235 250 cvcte Wie. Pugh seif-dricherge. deep ccle
rowsn | onoues 100-220 ™ STI02L00 tveia Mo, Fagn soll Sacnorge
soaT | sune LeaD om0 #00.120 1418 Low seit-dicharge. inw
[sanvice| Leno-carcrm +180-200 110 L3505 vl v e saiancnerse
L.M.lo % 8140 1418 Low mauntenance. low unm

FIGURE 6. Series and Parallel Battery Connections.

Power Condltionh:lg

phase sine-wave inverter.

Application Load |

system.
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The power-conditioning unit converts the power from the photovoltaic irray or the
battery storage to the type and quality of power required by the load. The power conditioning
unit can be as simple as a voltage regulator or DC-to-DC converter, or as complex as a three-

- The application load is the equipment that receives its power from the photovoltaic power
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All photovoltaic power systems contain a photovoltaic array and an application load, but
not necessarily a voltage regulator, blocking diode, battery storage, or a power conditioning
unit. A properly designed photovoltaic power system for water pumping requires only the
photovoltaic array and the application load. A voltage regulator is not needed if the pump
motor can handle the photovoltaic array’s voltage swing, and a water storage tank eliminates
the need for battery storage. The components needed for a given application are determined by
the requirements of the application load.

s
.

T
[

PHOTOVOLTAIC ARRAY SIZING

The photovoltaic power system functions as follows: The application load operates from

: the battery storage, and the photovoltaic array keeps the battery storage charged. In sizing the

S photovoltaic power system, the battery storage is sized to meet the load power requirements,

and the photovoltaic array is sized to keep the battery storage charged. Appendix A contains all

L'- equations necessary to size photovoltaic power systems and includes a sizing worksheet to make
system sizing easier.

q[i.;',j The primary parameter in system sizing is the load power requirements, which must be
- ' accurately known. A useful photovoltaic power system cannot be properly sized without
S accurate load power requirements. Appendix B thoroughly covers the determination of ioad
>, . power requirements. Once these requirements are identified, the load (for sizing purposes) can
'! be calculated using Equation 1.

.’f;:: ‘ - duty cycle (Wh/day)
load (Wh/d_ﬂY) power conditioning efficiency (decimal) @
g ' , where

: load (Wh/day) = the amount of power the photovoltaic power system must supply in
oo . watthours per day.
g

o ) duty cycle (Wh/day) = the application instantaneous power draw times the number of
s . hours per day the power is being drawn. If the power is used only part of the week,

S average it out over the entire week. If an application has more than one duty cycle,
sum all of the duty cycles and enter the total in Equation 1. Duty cycle is in units of
watthours per day.

power conditioning efficiency (decimal) = the efficiency in decimal form of the inverter
or DC-to-DC converter. If there is no inverter or DC-to-DC converter, enter 1.0.

A complete example of the use of this sizing technique is included in Appendix B.

Photovaltaic modules used in stand-alone photovoltaic systems are designed to work well
with battery storages. Batteries require a higher voltage during charging than they exhibit
when they are providing power. For instance, a 12-volt battery needs a little more than 14
volts to be charged properly while it supplies power at 12 volts. Photovoltaic modules come in

10
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fairly standard voltages to supply the required higher charging voltage. A 16-volt module is
designed to provide the proper charging voltage for a 12-volt battery. The 16-volt module
output is necessary to provide the higher charging voltage the battery requires and to provide
for voltage losses in the photovoltaic power system. Photovoltaic modules are connected in
series to increase the photovoltaic system voltage. Equation 2 is used to determine the number
of photovoltaic modules required to charge a given battery storage (see example in

Appendix B).

number of series  _ nominal battery storage voltage (VDC @
photovoltaic modules ~ nominal photovoltaic module voltage W&/ module)

where
nominal battery storage voltage (VDC) = the DC operating voltage level of the
battery storage.

nominal photovoltaic module voltage (VDC/module) = the operating voltage of the
battery that the photovoltaic module is designed to charge (e.g., a 16-volt
photovoltaic module is designed to charge a 12-volt battery; the nominal voltage of -
the 16-volt module is 12 volts). The nominal photovoltaic module voltage is usually

" supplied on the module specification sheet (Appendix C).

If the results of Equation 2 contain a fraction of a module, round the number of series
photovoltaic modules up to the next whole number (e.g., 8.4 photovoltaic modules is rounded

up to 9). :

Photovoltaic modules are connected in paralle] to supply the current requirements of the
application load. Equation 3 is used to determinc the number of parallel modules necessary to
supply the current requircments of a specified application load. Equation 3 must be solved for
each month, and the largest answer must be used in the balance of the photovoltaic array
sizing. Using the largest answer from Equation 3 ensures that the application load will be met
.by the photovoltaic system throughout the year (see example in Appendix B). :

number of
_parallel load (Wh/day) x 1.20 @)
_ photovoltaic " nominal battery  equivalent peak  nominal photovoltaic '
modules . storage voltage x hours per day x  module current

(VDC) (h/day) (A/module)
where
" load (Wh/day) = result of Equation 1.

1.20 = a 20% safety factor to account for photovoltaic-array output degradation due to
age and dirt.

nominal battery storage voltage (VDC) = the DC operating voltage level of the V
battery storage.

11
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equwalent peak hours per day (h/day) = the equivalent hours per day that the
photovoltaic array receives solar radiation at a level of 100 mW/cm? as specified in
the Standard Test Conditions (discussed earlier under the heading, “Photovoltaic
Cell”). The equivalent peak hours per day is computed by taking the total amount of
solar radiation received by the surface of the array in a day and dividing it by the
solar radiation level of 100 mW/cm? as specified in the Standard Test Conditions.
This calculation provides the number of hours that the array would have to be
exposed to the Standard Test Condition of 100 mW/cm? to receive the same amount
of energy that the array received during the day.

The amount of solar radiation received by the surface of the array depends on
the tilt angle of the array and the amount of solar radiation received by a horizontal
surface at the array location. The horizontal solar radiation at a specific location
_(which includes  weather effects), is usually found in all solar energy source books.
The tilt angle of the photovoltaic array determines what amount. of the horizontal
solar radiation will be received by the tilted array surface. As a surface is tilted to the
south, it receives more energy in the winter and less energy in the summer. Figure 7
shows the solar radiation received by a surface that is tilted 20, 35, and 50 degrees

.94
— 8'4-
%y
© 74
N
S - S~_‘-"
= 61 ”
x .
. g 5‘
| 'ﬁ ; tilt angle
34 e
4 35° tilt angle
£ 34
5 20° tilt angle
N 2 '
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38114
0 v v A4 L] - A . Ll

(-

J F M A M J J A S 0 N
Month

FIGURE 7. Solar Radiation Received by a Surface That is Tilted at 20, at 35, and at
50 Degrees From the Horizontal at Albuquerque, N. Mex.
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from the horizontal for Albuquerque, N. Mex. Figure 7 also shows that the amount of
available solar radiation received by the photovoltaic array can be varied by adjusting
the tilt angle.

The determination of the proper tilt angle for a photovoltaic power system
depends on how the load power requirements compare to the solar radiation received
by the tilted array surface. For constant year-round load requirements, the tilt angle
should be adjusted so that the amount of energy received in the winter is as close as .
possible to the amount of energy received in the summer. For load requirements that
vary from month to month, the tilt angle should be selected that best matches the
yearly load profile to the profile of the yearly solar energy received. Once the tilt

" angle is sélected, the equivalent peak hours per day can be determined.

The amount of solar radiation received by a tilted surface is very complicated to
calculate. Appendix D contains tables of solar radiation received on a tilted surface
for three common tilt angles for a number of cities. Equivalent peak hours per day

can easily be determined by locating the table of solar radiation on a tilted surface for -

a city nearest the photovoltaic array location and dividing by 100 mW/cm?®
(1 kW/m?). Values of equivalent peak hours rer day are the same as the values of
daily solar radiation given in units of kWh/m%, '

nominal photovoltaic module current (A/module) = the nominal module current output

that is usually supplied on the module specification sheet (Appendix C). The nominal

module current output is also designated as module test current, module current at -

peak power point, and module current.

x The number of parallel photovoltaic modules should be rounded up to the next higher whole
A:‘A - numbet if a fraction of a module results from Equation 3.

'l‘lwtotalnumberofmodulesneededforthepowersystemlsequnltothenumberofserles

photovoltaic modules times the number of parallel photovoltaic modules. A photovoltaic array

. is most often defined and purchased in terms of peak watts. Peak watts is the power the array

would supply when exposed to Standard Test Conditions. The total peak watts of an array are
defined in Equation 4 (see example in Appendix B).

totalpenk' number of series number of paraliel  peak watts per

watts (W) — - phm:lc x phﬁ:ll:ic x lp;:noo‘t:lv:l(ta“i’;: @)
. .
. number of series photovoltaic modules = the results of Equation 2.
] number of parallel photovoltaic modules = the results of Equation 3.
iii | peak watts per photovoltaic module (W) = peak watts supplied on the module specifi-

o I W

AN By N e . R
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BATTERY STORAGE SIZING

The battery storage is designed to provide the load with a continuous supply of power (1) |
for nights, (2) for a specified number of sunless days, and (3) to increase system reliability. The i
designed battery storage size is found by solving Equation 5 for each month to determine the
largest required storage size. The largest answer from Equation 5 must be used in the balance
of the battery storage sizing (see example in Appendix B).

designed battery _ load (Wh/day) x 1.20 X required days of storage (day)
storage size (Wh) ~ depth of discharge (decimal) )

where
load (Wh/day) = load calculated in Equation 1.
1.20 = a 20% safety factor that compensates for storage degradation due to age.

required days of storage (day) = the number of consecutive sunless days the photovoltaic
power system must operate. This number will be at least 1 and should be determined
from weather information for the photovoltaic power system location.

depth of discharge (decimal) = the allowable depth of discharge that prolongs battery
storage life and prevents the battery storage from freezing. Discharging a battery
100% will greatly shorten the storage battery life. In applications that are subject to
" freezing, sufficient battery storage capacity must remain to prevent the battery
storage from freezing. Figure 8 shows a typical battery design curve and provides the
information necessary to determine the allowable battery storage depth of discharge.
Determine the minimum temperature the battery storage would be likely to
experience and, from Figure 8, find the allowable depth of discharge that corresponds
to this temperature. The depth of discharge must be in decimal form (80% = 0.80)
and should be no greater than 0.80.

The number of series-connected batteries is calculated by Equation 6 (see example in

Appendix B).
number of _ nominal battery storage voltage (VDC ©)
series batteries  nominal single battery voitage ]d%7ﬁttery)
* where

nominal battery storage voltage (VDC) = the DC operating voltage level of the battery
storage

nominal single battery voltage (VDC/battery) = nominal single battery voltage supplied
on the product specification sheet. See Appendix E for a sample specification sheet.

The number of series batteries should be rounded up to the next higher whole nﬁmber if a
- fraction results from Equation 6.

......
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b " The number of batteries required to be connected in parallel is calculated by Equation 7
SH (see example in Appendix B).

N

LI ’ E , number of . ded% battery storage size (Wh) '
5 : parallel =  no ttery nominal ampere hours M

J batteries  storage voltage (VDC) X per battery (Ah/battery)

-J .

. ~ where

designed battery storage size (Wh) = result of Equation 5.
_;_E . nominal battery ston;lge voltage (VDC) = the DC operating voltage level of the battery
“ , nominal ampere hours per battery (Ah/battery) = the ampere hour capacity of the
. . selected storage battery. The ampere hour capacity depends on the discharge current.
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Higher discharge currents provide for lower ampere hour capacities for the same
battery. The ampere hour capacity should be selected for the average battery
discharge current. If this value cannot be determined, use the design ampere hour

capacity supplied on the battery specification sheet (Appendix E).

The number of parallel batteries should be rounded up to the next higher whole number if a
fraction results from Equation 7.

The actual battery sto.age size is calculated from Equation 8 (see example in Appendix B).
‘““‘lbm -nu:gdxnmddxmpmper X sinxl;:alttery ®
storagesize (Wh)  potteries  batteries  battery (Ah)  voltage (VDC)
where
number of series batteries = result of Equation 6.
number -of parallel batteries = result of Equation 7.

' nominal ampere hours per battery (Ah) = the design ampere hour capacity of the battery. -
The ‘design ampere hour capacity is supplied on the battery specification sheet
(Appendix E).

nominal single battery voltage (VDC) = nominal single battery vbltage supplied on the
battery specification sheet (Appendix E). :

Actual battery storage size is often discussed in terms of kilowatthours of storage capﬂty.
Divide watthours by 1000 to convert to kilowatthours.

The battery storage must be able to supply the peak battery current requirement of the
load. The ability of the battery storage to meet the peak battery current requirement can be
_ determined by the following steps.

Step 1. Calculate the peak battery current requirement in amperes by using Equation 9
(see example in Appendix B).

. load uirement
peak battery current _
requirement (A) stor, tery oum par ®)
age voltage (VDC) batteries
where

- peak load power requirement (W) = the largest load power requirement in watts divided .
by the inverter efficiency, if any (in decimal form). ‘

nominal battery stoi'nge voltage (VDC) = the DC operating voltage level of the battery
storage.

. number of parallel batteries = result of Equation 7.
16
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Step 2. Use the peak battery current requirement from Eqguation 9 and the battery design
. curve (Appendix E) to determine the number of hours the peak battery current can be supplied
by the battery. Be sure to adjust the design curve to the minimum operating temperature of the
battery storage. .

Step 3. Check to be sure that the number of hours the peak battery current can be
supplied is sufficient to meet the load duty cycle for the peak load power requirement of
Equation 9 times the required days of storage.

Step 4. If the battery cannot supply the peak battery current requirement for the load
duty cycle in step 3, add additional parallel strings of batteries to the battery storage and go
back to step 1. When sufficient parallel battery strings have been added to meet the peak
battery current requirement, recalculate Equation 8 using the new number of parallel battery
strings.

PHOTOVOLTAIC POWER SYSTEM COST ANALYSIS

Photovoltaic power systems are cost-effective and should be purchased when the life-cycle
cost of the photovoltaic power system is less than the life-cycle cost of the competing
conventional power source. The competing power source may be diesel generators, batteries, or
the extension of a distant utility grid. Life-cycle costs indicate the amount of money needed
today to cover the cost of the system throughout its economic life. These costs include one-time
capital, operating, and maintenance costs that are adjusted for the effects of inflation and
interest rates. Cost work sheets in Appendix A are used to help in making the cost analysis.

" The one-time capital costs for a photovoltaic power system include costs for initial

purchase, installation, and future battery replacement. The yearly operating and maintenance - |

- costs include checking battery and photovoltaic array conditions. The estimated life of a
photovoltaic power system is 25 years with the batteries being replaced every 10 years.

The one-time capital costs for a diesel generating pow& system include the cost of the
.diesel generators and the fuel storage system. The yearly operating and maintenance costs
include diesel maintenance and fuel costs. The estimated life of a diesel generator is 25 years.

The one-time cost for a battery power source is the initial and future replacement costs of
the battery. The operating and maintenance costs include checking and recharging the battery.
The estimated life of a battery energy source is 10 years.

The oné-tlme cost for an extended utility grid power source is the cost of extension. The .
operating and maintenance costs include energy costs and line- and transformer-inspection
costs. The estimated life of a utility grid is 25 years. : :

Figure 9 shows the relative cash flows for the photovoltaic power system and the three
alternate power sources. The cash flows show how money will be spent on the power source
throughout its economic life. The displayed values are taken from the example in Appendix B.

Calculating life-cycle costs involves more than simply adding up the cash flows in
Figure 9. Because of inflation and interest rates, $1 in the future will not be equal to $1 today.

17
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FIGURE 9. Relative Cash Flow Diagrams for Four Power Sources,

This changing value of future money is known as the time value of money. One dollar invested
at 7% interest will be worth $1.07 in 1 year and $1.145 in 2 years. One dollar today will be
worth more in the future, and likewise, if $1 will be needed in the future, less than $1 is
, needed to be invested today. Inflation works the same way except that money shrinks in value
=y instead of growing.

The combined effects of interest and inflation on the time value of money have-b.een

conveniently computed in the tables in Appendix F. These tables show inflation-discount
factors and will give the present (today’s) value of future costs. The Differential Inflation Rate

18
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is used when the price of the energy source being evaluated (for example, gasoline) has a
higher inflation rate than the general economy. The discount rate is the interest rate the Navy
assumes for economic analysis. The single-amount discount factor is used to determine the
present value of a one-time future cost that is calculated by multiplying the future cost by the
single-amount factor for the project year in which the cost occurs. The proper table to use is
determined by the Differential Inflation Rate. The cumulative-uniform-series discount factor is
used to determine the present value of an equal recurring yearly cost. For applications that use
the same amount of energy each year, the annual fuel cost would be an equal recurring yearly
cost. The present value of an equal recurring yearly cost is calculated by multiplying the equal
recurring yearly cost by the cumulative-uniform-series discount factor corresponding to the
number of years the equal recurring yearly cost will occur (usually the economic hfe of the

i ) | system).

~ Equation 10 is used to determine the life-cycle cost, or present value, of any of the four
- energy sources (see example in Appendix B). ,

:ZE: : life-cycle cost initial one- , future one- _  single-amount

.‘ ' (present value) ($) ~ time cost (§) ~ time cost ($) ~ discount factor

r + equal recumng cumulative-uniform- a0

yearly costs ($) X series discount factor

o where
. initial one-time cost ($) = initial cost of the power source.

future one-time cost ($) = cost of one-time future expenses. Battery replacement would be
a future one-time cost at years 10 and 20. If more than one future one-time cost
occurs, multiply it by the appropriate single-amount discount factor and add the
result to Equation 10. .

single-amount discount factor = that obtained from the appropriate Differential Inflation
Rate table in Appendix F. Select the single-amount discount factor corresponding to
the year of the future one-time cost.

equal recurring yearly costs ($) = costs that are the same and occur from year to year.
. Fuel costs and operating and maintenance costs are usually equal recurring yearly

cumulative-uniform-series discount factor = that obtained from the appropriate Differen-
tial Inflation Rate table in Appendix F. Select the cumulative-uniform-series discount
factor corresponding to the number of years the equal recurring yearly costs occur.

The following Differential Inflation Rates can be assumed if more accurate information isl
unavaflable. .

Differential Inflation Rate of oil or gas is 8%.

Differential Inflation Rate of electricity is 7%.
Differential Inflation Rate of other items discussed is 0% .

19
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Photovoltaic power systems are cost-effective and should be purchased when their life-
cycle costs are less than the life-cycle costs of the conventional power sources. The life-cycle
cost considerations of the conventional sources are fairly straightforward and easy to compute.

The one-time capital cost of a diesel power source includes diesel generator and fuel
storage costs. These costs can be determined from actual acquisition costs of similar systems.
The operating and maintenance costs are also determined from actual costs. In many remote
applications; the cost of fuel and fuel delivery plus the maintenance costs, which include parts
and labor and transportation costs of the maintenance crew, can result in a very high recurring
yearly cost. The recurring yearly cost can very easily be higher than the one-time capital cost.

. The one-time capital cost of a battery power system can easily be determined from actual
battery costs. Replacement battery costs can be assumed to be the same as the initial battery
capital cost, and they will occur at the end of the battery power system’s useful life. The
operating and maintenance costs of a remote battery power system are very high. Personnel
must regularly take the batteries to the charging station and return them to the application
site, or a second bank of batteries must be purchased so that one bank will always be charged
to replace the other bank at the application site. The cost of the electricity in recharging the
batteries must be included in the operating cost of the system.

The one-time capital cost of extending an existing utility grid to a remote location can be
obtained from the local utility company. The operating and maintenance costs are for
occasional inspection of the utility distribution line and the cost of the electricity supplied to
the application.

The one-time cost of a photovoltaic power system includes the initial procurement and
installation costs. The one-time future cost is the battery replacement cost. The operating and
maintenance costs, which are for visual inspection of the photovoltaic array and maintenance
of the battery storage, are low and can be determined with reasonable accuracy. The big
unknown is the initial procurement and installation costs of a photovoltaic power system.

Whereas the costs of the conventional power systems can be easily determined by the using

activity, the costs of a photovoltaic power system are supplied by this report, using Equations
11 and 12 (see examples in Appendix B). Equation 11 is used to calculate the one-time
procurement cost. -

initial one-time
procurement cost _ total peak photovolhicmodule umlpenk voltage regulator
tflﬂmld% ™ watts (W) custperwatt(m wam(W) costpawm(QIW)
power system

+¢io(a)+""“'ll’°"k arraying actusl battery
watts (W) * cost per watt (/W) * storage size (Wh)
battaywst total peak " inverter :
* per watthour (WWh) * inverter watts (W)  cost per watt (w) * ®0® (1D

where

total peak watts (W) - result of Equation 4.
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photovoltaic module cost per watt ($/W) = cost information obtained from the
photovoltaic module specification sheet (Appendix C). The cost must be in $/W, so it
may be necessary to divide the module cost by the module peak watts to obtain the
$/W. If no actual cost information is available, use the curve in Figure 10, which
-shows the expected cost of photovoltaic modules in $/W for the next several years.

voltage regulator cost per watt (/W) = 0.20 $/W.

60 $ if no voltage regulators are used.

arraying cost per watt ($/W) = arraying includes photovoltaic support structure, wiring
* harnesses, and connectors. Arraying cost is estimated at 1.25 $/W.

DL Cean st % o o8 vy
RIS
P .w":".. ilata e’

8 actual battery storage size (Wh) = result of Equation 8.

2

battery cost per watthour ($/Wh) = 0.16 $/Wh.

Lyt
P

EOPORT R { T
P R R S : 2

total peak inverter watts (W) = the largest power requirement the inverter musi supply in
watts. If the photovoltaic power system has more than one inverter, add the peak
inverter watts of each together.

inverter cost per watt ($IW) = 1.16 $/W.

690 ($) = the minimum amount that an inverter would cost. Do not include the 680 § if
no inverter is used.

When these assumptions are vusec.l, Equation 11 reads as follows: .

initial one-time

procurement cost _ total peak phowvoltnicmodlle mulpmkxom(m
" of & photovoltaic ~ watts (W) oostperwau(wW) * wats (W) < 00
wwumn(t)

X 0.16 (WWE) +  to Posk ) x 116 (BW) + 660 (8 o

Equation 12 is used to calculate the installation cost of a photovoltaic power system.

installation cost of a . total peak installation
photovoltaic power system ($) ~ watts (W) X cost per watt ($/W)

. where

total peak watts (W) = result of Equation 4.

installation cost per watt (§/W) = 17.0 $/W.

21

60 (§) = the minimum amount that a voltage regulator would cost. Do not include the

(12)
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Equation 14 provides the operating and maintenance costs of a photm;oltaic power system
(see example in Appendix B).

operating and maintenance actual battery

costs of a photovoltaic = x 0.001 ($/Wh)
power system ($/yr) storage size (Wh)
personnel

+  transportation X 2 (trips/yr) (14)
.- costs per trip ($/trip) :

where
. actual battery storage size (Wh) = result of Equation 8.

0.001 ($/Wh) = cost of performing battery maintenance per watthour of battery capacity. |
(Photovoltaic array requires no maintenance.)

. personnel transportation costs per trip ($/trip) = hourly cost of personnel times the
number of personnel times round-trip travel time plus vehicle cost, if any.

2 (trips/yr) = two battel;y maintenance trips each year.

Some Navy funding procedures may require that a photovoltaic power system be cost-
effective in fewer years than its economic life. For these systems, perform the life-cycle cost
comparisons only for the portions of the cash flow diagrams in Figure 9 that fall within the

specified number of years.

In any life-cycle cost analysis that shows the photovoltaic power system as not cost-
effective, it is useful to determine when, if ever, the system would become cost-effective. The
photovoltaic module cost has the greatest impact on the cost of the photovoltaic power system
and is most likely to change with time (Figure 10). The other items are not very time
dependent. The photovoltaic module cost that makes the power system cost-effective is known
as the economic module cost, which can be determined by the following steps.

Step 1. Calculate the lowest life-cycle cost of the three competing conventional power
sources by using Equation 10.

~ Step 2. Use the lowest life-cycle cost from step 1 and use Equation 10 to calculate the cost-
effective initial one-time cost for the photovoltaic power system.

Step 3. Use the answer in step 2 and Equations 11 and 12Ato calculate the economic
module cost by solving for the photovoltaic module cost per watt in Equation 11 (only
unknown term).

If the economic module cost is negative, the photovoltaic power system will never be cost-
effective. If the cost is positive, Figure 10 will indicate in what year the photovoltaic power
system will be cost-effective.

- o e mow e a4 e e e e e - . -
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A~ , CONCLUSIONS

o Photovoltaic power systems are viable alternatives to conventional power sources for
. remote applications. These systems are life-cycle cost-effective when the remote-application
e costs are high for operating and maintaining diesel generators and battery power sources and
el initially extending an existing utility grid.

‘_t‘_-'. Photovoltaic - systems will supply reliable, quiet, pollution-free power. They use a
: renewable natural resource and therefore require no refueling. A radio-controlled switch can
: "be used to turn the system on and off, when desired, making it unnecessary for personnel to
‘ "man the site. The ability to operate satisfactorily for long unattended periods of time in very
‘ remote locations makes photovoltaic systems ideal for remote mountain-top applications such as
::_'_‘_ - * communication equipment.

b o Due to the high initial costs of photovoltaic power systems, they are currently cost-
:2-3 , effective primarily for small, remote applications. As the photovoltaic module costs decrease,
by the systems will become cost-effective for larger, remote applications and finally for grid-

connected applications. Photovoltaic systems receive their power from solar radiation and are
therefore primarily limited for use in sunny locations.
2 Following is a list of remotely located applications that are representative of the types of
o ‘ loads most likely to be cost-effective for photavoltaic power use. These and similar applications
. should be investigated for possible conversion to photovoltaic power.

o 1. Monitoring and sensing devices:

Pl remote weather stations/transmitters

s remote air- and water-pollution monitoring

e sunrise and sunset indicators
o seismic detectors/transmitters

< snow/rain gauges '

N -flood monitors

- ‘oceanographic data platforms

N 2. Marking and warning devices:

: , "obstruction/hazard lights

- - navigational aids/systemns

o VOR . : '

b ' . VORTAC

AN : TACAN

rotating beacons

- . sonar buoys and underwater channel markers
= offshore-platform navigation aids

F o railroad-crossing signals

highway-sign defrosters

radar-boresight beacons

’0 3. Communication equipment:
microwave repeaters
field-telephone system
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telephone call box
low-frequency communication
radio telephones

pocket paging systems
. 4, Lighting:

- signs

T ‘ , remote airfields

] : ’ remote sites

1

?i : ' 5. Remote instrumentation:
X data links
b ' telemetry

7 remote instrumentation sites
2 buildings
(o camera stations

- radar

» beacons

- repeaters :
closed-circuit remote TV
L bomb-scoring devices

6. Comfort facilities

- v,
A R )

\ B 7. Security: . :

o remotely controlled and monitored gates
o IR, TV seismic-intrusion devices

) sentry sites

- electrified fences

! TV. monitors

:; 8. Battery charging

2 9. Boating applications

o3 .

v 10. Radar for speed control

,3‘ 11, Field mess

:}: . 12. Power for mini/microcomputers/calculators
k. "'q .

b 13. Battery-charged tools

% 14. Space heating, cooling, ventilating at specific sites

e

(IR YRILL AN SRR IR B
3

15. Fire-alarm systems

N T Ty 1SR
€0t

!
W

16. Insect repellents

-

17. Power for intelligence units
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18. Water pumping
19. Water purification/desalination
20. Power pumps to circulate solar hot water

21. Fuel pumping

22. Power source for life rafts (water purification, brewing coffee, sending distress

. signals, radio reception and transmission)
23. Power for automatic gates and doors

24. Distress/emergency beacons

' 25. Event recorder

26. Modular power for self-supportive stations (Seabees)
27. Low-energy lasers

28. Cathodic protection:
pipelines
wellheads and casings
highway bridges
underground storage

....................
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Appendix A
EQUATIONS AND WORKSHEETS FOR PHOTOVOLTAIC
POWER SYSTEM SIZING AND COST ANALYSIS
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Equation 1

. - duty cycle (Wh/day)
load (Wh/day) power conditioning efficiency (decimal)

Equation 2

number of series - nominal battery storage voltage (VDC)
photovoltaic modules nominal photovoltaic module voltage (VDC/module)

Equation 3

number of . ' load (Wh/day) x 1.20
parallel _-nominal battery equivalent peak nominal photovoltaic
photovoltaic ~  storage voltage x hours per day x  module current

‘modules (VDC) (h/day) (A/module)
Equation 4
total peak number of series  number of parallel  peak watts per
wattsp(eW) = photoveltaic  x photovoltaic x  photovoltaic
modules modaules module. (W)
Equation §
designed battery _ load (Whiday) x 1.20 x required days of storage (day)
storage size (Wh) . . depth of discharge (decimal).
Equation 6

" number of _ nominal battery storage voltage (VDC)
series batteries  nominal single battery vﬁ%age (VDC/battery)
Equation 7

number of __designed battery storage size (Wh)

parallel = nominal battery x nominal ampere hours
batteries storage voltage (VDC) “ per battery (Ah/battery)

-
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number of nominal nominal
X paralld x ampere hours per x single battery
batteries battery (Ah)  voltage (VDC)
‘;:',? o Equation 9
*’ . . _peak load power requirement (W)
3 : - peak battery current _ — o oy battery number of parallel

x batteries

requirement (A) storage voltage (VDC)
v ~ Equation 10

| ecost _ initial one- + future one- x single-amount
(present value) (§)  time cost (§) = time cost (§) ~ discount factor

, equal recurring cumulative-uniform-
yearly costs (O) series discount factor

Equation 11

initial one-time
procurement cost _ total peak phwwdhicmdxle tntalpenkx voltage regulator
(iaphouwolticm = watts (W) = cost per watt (W) T watts (W) * cost per watt ($'W)
power systern

s s DHlPRk emying . sctisl bettry
. watts(W) cost per watt (/W) wslm(Wh)

"paw.mmr(m; * nverter watts (W) X cost per watt (ww) * %0 ®

_ total pesk _ photovaltaic module ol peak oo
" watts (W) " cot per watt (4W) ¥ wats (W) X 00 ¥W)

+ 60 +$:Lp(:'mk x 125 (¢W) + Imm

I g8 TV W gCE ‘4
. .

??I Iﬁ‘r (2 i 4
PIREa [ I SR

x 0.18 ('Wh) + m_:f"wl’::(w) x 1.16 (WW) + 690 (§)
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Equation 12

installation cost of a o ‘total peak x installation
photovoltaic power system (§)  watts (W) ~ cost per watt ($§/W)

- :;’:al”(‘;,)" x 17.0 ($IW)

Equation 13

future battery actual battery

replacement cost (§) ~ storage size (Wh) * 0-16 ($/Wh)

Equation 14

operating and maintenance
. costs of a photovoltaic

power system ($/yr)

actual battery

= storage size (Wh) 0.001 ($/Wh)

personnel
+ transportation
costs per trip ($/trip)

x 2 (trips/yr)

32
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) Photovoltaic Array Sizing Worksheet
Equation 1. Load (Wh/dey) * ) hday X day/week L _wwday
- 7 day/week X efficiency 1n decimel form
Equatfon 2, Humber of series . Y0C (nomina) storage voltage) modules
photovoltaic modules
: YOC {nomina) module voltage)
Equation 3, Number of parsllel photovoltaic modules = .
st [ [ ] oot st Tt Tl | S ot il
(voc) (h/day) (Afmodule) Catc. [ Next higher |
whole number,
Jan X|r.20% + H .
ieb X]1.20+. v + =
Mar Xir.204s . ¥ .
Apr X|razf;: ] H b4
May x[1.20]s ; i .
Jun X|11.204+ H + .
Nk xjraf; i $ .
| ave x[1.20]3 é 3 .
Sep i+ 12 L .
Oct X120+ v ¥ .
Nov xjraf: $ $ .
Dec rhreols v : ol Jargest
| | |
Equation 4, ::::: peak (N) = __(Emo‘- o:'?) ] __(hrg:::.::o::e; from x_uc:.'& :‘:::) - ¥
.
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Battery Sturage Sizing worisheet

Equation 5. Designed battery storage size (¥h) «

( ukc;c‘:” ] TT:‘:u:::crl;ﬁ;s 1 g::g:.x' 17 Nesigned battery storsge size {(Wh)
{day) (decimal)

Jan xl{1.20(x H .
Feb x|1.20]x ; |
Mor xjra|x’ i .
Apr xfi.20 x! H .
May X{v.20| X H =
Jun X|1.20] X H .
Jul Ljkf{raox + L4
Aug X17.20 Xj. v =
Sep xi1.20x + .
Oct X11.201 % v .
Nov x{r.200 % + =
Dec X]1.204x ¥ .

—iplergestanswer |

.Equation 6. Number of . .= VOC (noninal storage voltage) = _______ batteries

series batteries ~— — R
____V0C/rattery (nominal hattery voltage)

Couation 7, Me'l‘- t'if . Wh (largest answer from Equation S) L . batteries
. perallel
.batteries (mlml ne) X tnel mrs‘)
] VOC \storage volt ___Ah/battery battery
Equation 8. Actus) battery (wh) » answer from) X emr from) X nominal amphou
storsge size : quation 6 quation ? Ah/battery \per battery
' (wimu
X YOC \battery volitage/ = Wh

Sattery storage abllity to supply pesk current requirement.
Step 1. Solve Equetion 9.

Equation 9, Pesk battery (A) = W (peak 10ad) . A
. current requirement =

ml answer from
. | ctorm n\mo)x (!quuon 7
Step 2. WMumber of hours battery storage can supply answer from Equation 9 = hours
Step 3. Nwmber of hours battery storsge s . ty cycle of ired days
required to supply answer from Equation 9 Mesy (20{ 1o8d ) X day bof storage
. hours

Stép 4. 17 answer in step 3 is Yess than answer in step 2, the battery storage design ts satisfactory. [f answer in step 3
1s greater than the answer in step 2, add | persllel string of batteries and go back to step ). When the answer in
und u.ﬂully less than the answer in step 2. use the new number of persllel strings of betteries and recalculate
oquetion 8.
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Equation 10.

Equation 10.

" Equation 10.

Equation 11,

Equation 12,

Equation 13.

Equation W4,

Equation 10.

Economic module ($/W) _
cost per vatt

e A e A e e
M N AR P TR T LR . T Dy

Life cycle cost (3) ,
for diesel power
source

NWC TP 6381

Cost Horksheet

diesel geneutor) . (fuel storage) ,
cost $ \cost

or differential inflation rate (JIR) of 8%

X (CUS for DIR of 0%) = $
Life cycle cost {8) tunery) R (ﬂrst battery ) X
for battery power $ \cost _$ \replacement cost.

source

P —

X

Life cycle cost (§)
for extending
utility grid

+

Initia) one time ($) _

procurement cost
of a photovoltaic
power system

Installation cost (3) _
of a photovoltaic
power System

Futyre battery (3) ,

X 0.20 $/W + $60 ¢+

(yﬂrly fuel
$ \cost -

cost

(cululouve uniform series (CUS) discount factors) . s (yurly maintenanc
fi

first single amount (SA) )
discount factor for DIRof Ot

second battery ) X econd SA for\ . yearly cost
$ \replacement cost PIR of 0% ) $ \of electricity
(CUS for \ . yearly maintenance) , (gus for ),
___\DIR of 73] ~ _ $ \cost - _\DIR of O3 $
(extension R yearly cost ) (CUS for
___% \cost ___3 lof electricity OIR of 7%
early maintenance CuS for )
K cost ) x OIR of 03] * $
answer frm) X phot.ovolnic) answer m-) ’
W \Equation 4 $/W \module cost W \Equation 4

answer

from
— M \Equation 4 ) X1.25 3/m 4

eak inverter

answer from

Wh \Equation 8

X 0.16 $/dh ¢ ] v \size X V.16 $/4 + $690 = $
answer from
W \fquation 4 ) X17.0 /4 = $
answer from
Wh \Equation 8) X 0.16 $/4h = $

replacement cost

Operating and maintenance
cost of a photovoltaic

. ‘power system

Life cycle cost ($) .
for photovoitaic
power system

+

. |

($/yr)

answer from
__Wh \Equation a) X 0.001 $/Wh ¢

X 2 trip/yr » $/yr

answer from) .
$ \Equation 12,

answer from
s (Equnuon ll) + i

first SA for) . answer from)

18 of 0% $ \Equation 13,
(ansner from , us for \ ,
$/yr \Equation ll) DIR of 02

personnel cost
_$/trip (per trip

$ (;:::::o;'s)

second SA lor)
DIR of 03

$

smallest answer for Equation 10} _ - answer from) (cus for

of conventional power sources $/yr \Equation 14 DIR of 08

nswer from\ . first SA for) . answer from) . second SA m)
e \DIR of OF __$ \Equation 1) DIR of 0f

- S ) ,‘(:wcuon 13

answer from

peak inverter nswer f
- $ \Equation 12/ $690 - N \watts ) X 1.6 8/ - Wh Gmﬂmﬂ
nswer from answer from
X 0.16 $/Wn - u [auation o) X 125 $/M - $60 - W (foron o) ¥ 0.20 8
answer from
] (Ewauon 4
* L)
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Appendix B

PHOTOVOLTAIC POWER SYSTEM LOAD IDENTIFICATION,
SYSTEM SIZING, AND COSTING EXAMPLE
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PHOTOVOLTAIC POWER SYSTEM
LOAD IDENTIFICATION

1. The enclosed form, “Photovoltaic Power System Requirements,” must be accurately
completed before a valid assessment can be made as to the feasibility and cost-effectiveness of
the proposed application. The following instructions will help to adequately complete the
form.

2. Title: The title can be any designation that identifies the application.

3. Location: Supply name of activity, city, and state. If the application is located remote
to the main site area, give a brief' description of the location (e.g., mountain-top, desert,
valley).

4 4. Contact: Supply name and address of person who will be responsible for the system.

This person will be responsible for supplying application requirements and information on
operating status. Include the person’s business commercial phone number and AUTOVON
phone number (if any).

5. Description of Use: Supply a brief description of the application. Include the type of
equipment to be powered (e.g., electronics, radios, motors) and the present source of power.

: 6. Power Requirements: Supply information on the power requirements of the application.

Include voltage requirements (VAC or VDC) and frequency used (e.g., 115 VAC, 60 Hz;
208 VAC, 3-phase, 400 Hz). Supply the application’s duty cycles. Include all duty cycles. If
the appllcnﬂon is shut down during part of the year, include that information. For example, if
the application is communication equipment, it may have a continuous standby load of
50 watts, a receiving load of 400 watts, and a transmitting load of 800 watts. The application
may be in a receiving mode 6 h/day, Monday through Friday, and in a transmitting mode
2 h/day, Monday through Friday. Assuming the application uses 115 VAC, 60 Hz frequency,
this example application would be entered as follows: :

Power requirements:

Systemvoltage: ____ vDCc ___115 = vaC 60 Hz

Dutycycle: A 50  watts __ 24 h/day 1 day/wk
B watts 6 h/day 3 day/wk
C 800 __ watts 2 h/day S day/wk

D watts ______ h/iday _____ day/wk

(Power requirements must be as complete and as accurate as possible. The complete
power usage must be known so that the photovoltaic power system can be designed

properly.)

........
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It is extremely important that accurate power requirements are supplied. A photovoltaic
power system can cost as much as $1 for every watthour used by the application in a week
depending on location. If a continuous load requirement is overestimated by as little as
10 watts, that is, 10 W x.24 h/day x 7 days/wk x $1/Wh/wk, it will result in an excess cost of
$1,680. The best way to determine accurate power requirements is to measure the actual
power used by the application. Next best is to use the nameplate power requirements of the
application. Guesses and diesel nameplate ratings (if diesels are used) are not acceptable
sources for the application power requirements.

7. Site Information: Site information such as maximum and minimum temperatures,
maximum wind velocity, longitude, latitude, and elevation are all necessary for designing the
photovoltaic power systems. Extreme accuracy of these parameters is not necessary, and best
guesses are acceptable. Remember that these parameters will be used to design the system, and

" the system cannot be expected to operate outside of these parameters.

" Indicate the amount of land or roof area available for the photovoltaic power system.
Indicate any obstructions that would keep the sunlight from reaching these areas (e.g.,
buildings, mountains, trees). Remember that the sun is lower in the winter and is subject to
different obstructions than in the summer. Indicate how long these obstructions would shade
the photovoltaic power system area (e.g., will block the sunlight for “x”” number of hours or for
“x” number of degrees from the horizontal). Indicate any special site considerations. Is the site
on an east or west facing hill? If so, what is the angle from south of the hill? Does the
photovoltaic power system need any special protection from animals or people? Are there any
environmental limitations on how the photovoltaic power system can be installed? Are there
any limitations on gaining access to the site? These and other special site considerations will
help to determine the photovoltaic power system size and cost. A photograph of the site is very
helpful, but not essential.

8. Good applications for photovoltaic power systems are those where the power
requirements are 20 kilowatts or less and the site is remote from power lines. Photovoltaic
power systems are practical when the present power system’s operating and maintenance costs
are high. The advantages of photovoltaic power systems are that they (1) provide very clean

power both electrically and environmentally, (2) have very low operating and maintenance

costs, (3) are reliable, and (4) can be turned on and off remotely with the use of a radio-
controlled power switch, allowing placement of electrical equipment where access is difficult.
The primary disadvantage is the photovoltaic power system’s high capital costs. Photovoltaic
power systems are practical where their high capital costs are less than the present power
systems operating and maintenance costs.

9. Additional information on photovoltaic power systems or how to fill out the form can
be obtained by calling Michacl Hall on AUTOVON 437-3411, extension 241, or commercial
(619) 939-3411, extension 241.
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F PHOTOVOLTAIC POWER SYSTEM REQUIREMENTS

SRE TITLE:

J’ | LOCATION:

CONTACT:

& Phone:

- DESCRIPTION OF USE:

o

-

POWER REQUIREMENTS: Source of requirements:

Systemvoltage: _______ __ VDC ___ = VAC __________ _Hz

! Dutycycle: A ___  watts ______ hiday __ day/wk

Sn B watts __  hiday ____________ daviwk
C __  watts _ hiday _____________ day/wk

1 D ____  watts ____  hiday ___ day/wk

fj & (Power requirementé must be as complete and as accurate as possible. The complete power

E usage must be known so that the photovoltaic power system can be designed properly.)

o ' SITE INFORMATION: (send picture if possible) 4

i , , Max. temp. _____ Min. temp. _______ Max. wind

Lo Longitude _____________ Latitude _____ _ Elevation __________

- Land area available:

' Roof area available:

—— " 'Shading considerations:

Ea Special site considerations:

&

E:}f}

;t':“:

o

-
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PHOTOVOLTAIC POWER SYSTEM SIZING
AND COSTING EXAMPLE

The following assumptions are used to demonstrate the photovoltaic power system sizing
technique as outlined in the text of this report.

Application: range instrumentation site

Application location: Albuquerque, N. Mex.; latitude, 35°0°
Photovoltaic modules used: Appendix C

Nominal battery storage voltage: 120 VDC

Battery storage: lead-acid batteries from Appendix E
Design storage requirement: 5 days storage required
Minimum battery storage temperature: —5°F

Inverter efficiency: 85%

4 The power requirements (from the example of the Photovoltaic Power System
Requirements form) are

duty cycle A = 50 W x 24 h/day = 1200 Wh/day
duty cycle B = 400 W x 6 hiday x 5 day/wk + 7 day/wk = 1714 Wh/duy
duty cycle C = 800 W x 2 h/day x 5 day/wk + 7 day/wk = 1143 Wh/day

The load power requirement is calculated by using Equation 1.

. - duty cycles (Wh/day) :
lo§d (Wh/day) power conditioning efficiency (decimal) . (1)

‘where
" duty cycles (Wh/day) = sum of duty cycles.

~ power éonditioning efficiency (decimal) = from example assumptions.

1200 Whiday + 1714 Wh/day + 1143 Wh/day

085 = 4773 Wh/day

load (Wh/day) =

The number of series photovoltaic modules needed for this photovoltaic power system is
calculated by using Equation 2.

number of series - ' nominal battery storage voltagg' ;VDC! @
photovoltaic modules nominal photovoltaic module voltage ( /module)

where

nominal battery storage voltage (VDC) = from example assumptions.

41
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NWC TP 6381°

nominal photovoltaic module voltage (VDC/module) = specification from Appendix C.

number of series 120 VDC ;
photovoltaic modules = 33vDe - 10 photovoltaic modules
Since the load power requirements are constant throughout the year, the photovoltaic

array tilt angle will be selected so that the amount of solar radiation received by the array in
the winter is as close as possible to the amount received in the summer. The tables in
Appendix D will be used, and a choice of three tilt angles is available in the tables. For a tilt
angle of latitude minus 15 degrees, the difference between the winter and summer solar

" radiation received by the array is 3.4 kWh/m2. For a tilt angle of latitude plus 0 degrees, the
difference is 1.5 kWh/m2; and for a tilt angle of latitude plus 15 degrees, the difference is
0.0 kWh/m2. The tilt angle of latitude plus 15 degrees is selected since it most closely matches
the winter and summer solar radiation received by the array. Equation 3 is now solved for
each month, -and the largest answer is used in the balance of the array sizing (Table B-1).
(Remember that the values of equivalent peak hours per day are the same as the values of the
daily solar radiation in kWh/m2.)

number of _
parallel . load (Wh/day) x 1.20 @)
photovoltaic =~ nominal battery  equivalent peak  nominal photovoltaic
modules storage voltage x hours per day x  module current

(VDC) (h/day) (A/module)
where
load (Wh/day) = 4773 Wh/day from example Equation 1.
nominal battery storage voltage (VDC) = from eiample assumptions.
equivalent peak hours per day (h/day) = from Appendix D.

nominal photovoltaic module current (A/module) = specification from Appendix C.
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g , TABLE B-1. Monthly Results of Equation 3.
'3 Load Nominal battery Equivalent peak Nominal photovoltaic Number of parallel
T (Wn/day) storage voltage hours per day module current tovoltaic modules
e (voc) (h/day) (A/module) Ea'lc. gher
'-_‘.j : . ' ’ ’ whole numbery .
A dan | 4773 [x]1.20]: 120 : 6.4 : 1.2 | 6.21 7
[ Feb | 4773 x|1.20]+ 120 : 6.8 + 1.2 =] 5.85 6 .
) Mar | 4773 Ix[1.20] 5 120 : 7.1 : 1.2 =} 5.60 6

Apr | 4773  |x|]1.20] s 120 3 6.9 3 1.2 =| 5.76 6

May | 4773 Ix}1.20]+ 120 : 6.4 : 1.2 | 6.21 7

Jdun| 4773 x1r.20)+ 120 3 6.3 3 1.2 «] 6.3 7

Jul | 4713 xf{r.2of+ 120 5 6.2 3 1.2 =| 6.42 Y

Aug | 4773 x[1.20]: 120 i 6.7 % 1.2 «] 5.94 6

Sep | 47173 x]1r.20]: 120 3 7.3 3 1.2 =| 5.45 6

Oct’| 47713 x{1.20]: 120 : 7.3 $ 1.2 =] 5.45 6

Nov | 4773 x]1.20]+ 120 H 6.7 H 1.2 =] 5.94 "6

. - * = . 7
Dec | 4773 x]r.20]: 120 i 6.2 ; 1.2 6.42 Targast
answer 7

. Equation 4 is used to calculate the total peak watts of photovoltaic modules necessary for
the photovoltaic power system.

number of series  number of parallel  peak watts per :
photovoltaic x  photovoltaic  x photovoltaic (4)
modules modules module (W)

total peak _
watts (W)

where

number of series photovoltaic modules = answer from example Equation 2. »
number of parallel ﬁhotovoltaic modules = largest answer from example Equition 3.

peak watts per photovoltaic module (W) = specification from Appendix C.

? rl it v"v‘,e,l 5
vt “.'.'-A 3

total peak watts (W) = 10 x 7 x 20 W = 1400 W

oy

Battery storage sizing will be illustrated by continuing the example. The designed battery

;. _storage size is found by solving Equation 5 for each month and using the largest answer for the
. balance of the battery storage sizing (Table B-2).

. : ~ designed battery _.load (Wh/day) x 1.20 x required days of storage (day) ®
- o stouge size (Wh) ~ depth of discharge (decimal)

&

e -

'r‘.
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where

load (Whldhy) = answer from example Equation 1.

required days of storage (day) = from example assumptions.
depth of discharge (decimal) = from Figure 8.

TABLE B-2. Monthly Results of Equation S.

i . Load ) Required days Depth of 1 Designed battery storage size (Wh)
' (Wh/day) of storage Discharge
' (day) 1| (decimal)

Jan| 4773 |x|1.20{x 5 i o063 |- 45457

Feb| 4773 [x|1.201x 5 ;.56 = 51139

Mar| 4773 |x[1.20] x| 5 S T 37682

aor| 4773 |x|1.20|x! 5 ] .80 |- 35798

may| 4773 |x|1.20|x! 5 1:] .80 |- 35798

Jun| 4773 [x}1.20 x! 5 ;| .80 -| 35798

Jul| 4773 (X ;1 20(x 5 3 .80 |« 35798 '

ag| 4773 |x!r.z0)x! 5 il .80 e 35798

sep| 4773 {x ! 1.20| x 5 0 |s 35798

oct| 4773 |x : 1.20| 5 ] 80 |- 35798

Nov| 4773 [xit.20|x] 5 i e |- 36251

Dec| 4773 ix,l20{Xx; 5 ;| o6 (<[ ams

i i ‘ largest answer 51139

The number of series-connected batteries is computed by using Equation 6.

S B number of _ _ nominal ba:% stor%g volﬁ !%;E) ' 6
' series batteries  nominal single battery voltage ttery (

!
;EI‘_l ;f where
: - nominal battery storage voltage (VDC) = from example assumptions.
:..:. ; ' .
e nominal single battery voltage (VDC/battery) = specification from Appendix E.
Se s .
N ;1 G N .
N number of 120 VDC
w series batteries ~ & VDC/battery 20 batteries
e
= 4“

-C
[
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The number of parallel-connected batteries is computed by using Equation 7.

number of - desi battery storage size (Wh)
parallel =  pomin ttery nominal ampere hours - (D
batteries  storage voltage (VDC) ~ per battery (Ah/battery)

.where

designed battery storage size (Wh) = largest answer from example Equation 5.
nominal battery storage voltage (VDC) = from example assumptions.

nominal ampere hours per battery (Ah/battery) = specification from Appendix E.

number of 51.139 Wh 2.13 batteries (rounded
paralld = TR = to next higher = 3 batteries
batteries 1.20 VDC x 200 An/battery whole number) ’

" The actual battery storage size is computed by using Equation 8.
number of  number of nominal nominal

actual battery sries X paralld x hours per X battery (8)
sorage size (Wh) = (bR T Ceries . battery (Ab) vs;lng;(vnq

where
number of series batteries = answer from mmplé Equation 6.
number of parallel batteries = answer from example Equation 7.
nominal ampere hours per battery (Ah) = specification from Appendix E.
nominal single battery voltagev (VDC) = specification from-Appendix E.

72,000 Wh (divided
“‘““d:“(%)-zoxaxmmuvnc by 1000 to convert = 72 kWh
storage to kilowatthours)

The ability of the battery storage to supply the peak battery current requirement of the
load is determined as discussed in the text.

Step 1. Solve Equation 9.
peak load power requirement (W)

peak ::MY tu(rz)mt =  nominal battery _ number ot parallel ' (9)
requiremen . storage voltage (VDC) batteries
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where

peak load power fequirement (W) = largest duty cycle (from the example of the Photo-
voltaic Power System Requirements form assumptions) = 800 W + 0.85 = 941 W.

nominal battery storage voltage (VDC) = from example assumptions.
number of parallel batteries = answer from example Equation 7.

peak battery current _ 941 W - 261 A
requirement (A) 120 VDC x 3 ’
Step 2. From the battery design curve in Appendix E, the battery storage can supply 2.61
amperes for about 50 hours at a minimum operating temperature of —5°F.

Step 3. The peak load duty cycle is 2 h/day. The battery storage must .supply 2.61 amperes
for 2 h/day times S days required storage, or 10 hours. The battery storage can meet this
requirement and is therefore properly designed.

The economic analysis procedures are illustrated using the example. The following
additional information is assumed.

Diesel generators cost 500 $/kW.
Storage tan_k costs 200 §.

Diesel maintenance costs consist of diesel maintenance and fuel delivery requiring 3
men 8 h/day 1 day/month at a cost of 20 $/h for a total of 5760 $/yr.

Operating costs are computed as follows: The load uses 4057 Wh/day (from the duty
cycles of example Equation 1). The diesel generators use 0.0756 gallon of fuel to produce
1000 Wh of electricity. Diesel fuel costs 0.70 $/gal. The operating cost is 4057 Wh/day x

365 day/yr x 0.0756 gal/1000 Wh x 0.70 $/gal which equals 78.36 $/yr.

- Peak load is 800 watts.
| Battery power source size is computed from Equation 5 using the worst case (smallest)
" depth of discharge and a required days of storage equal to 7. From example Equation 5,

battery power _ 4773 Whiday x 1.20 x 7 day
058

source size (Wh) = 71,585 Wh

Battery power source cost is 0.16 $/Wh, which equals 71,585 Wh x 0.16 $/Wh =
11,455 8. ‘
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Battery replacement costs are also 11,455 §.

Battery mainteﬁance cost requires battery recharging once a week. Recharging
- requires 2 men, 8 h/day, 1 day/wk, 52 wk/yr, at 25 $/h, for a total of 20,800 $/yr.

Battery operating cost is the cost of the electricity to recharge the batteries. Electricity
cost is assumed at 0.06 $/kWh. The load uses 4773 Wh/day from the battery power source
(example Equation 1). The battery operating cost is 4773 Wh/iday x 365 day/yr +
1000 Wh/kWh x 0.06 $/kWh = 104.53 $/yr.

Cost of extending an existing utility grid is 30,000 $/mi. The application site is
15 miles from the nearest utility grid. The utility grid extension cost equals 30,000 Slmn
x 15 miles = 450,000 $.

The utility grid maintenance costs are assumed at 1000 $/yr.

The operating cost equals the energy used times the electricity cost that equals
4057 Whi/day x 365 day/yr + 1000 Wh/kWh x 0.06 $/kWh = 88.85 $/yr.

Photovoltaic module cost per watt is assumed at 15 $/W.

Personnel transportation cost per trip equals 25 $/h x 2 persons x 4 hours, which
equals 200 $/trip.

Once the assumptions have been identified, the life-cycle costs of the three conventional
power sources can be calculated from Equation 10, and the life-cycle cost of the photovoltlic
power system can be calculated with Equations 10-14.

life-cycle cost initial one- _  future one- » Single-amount
(present value) ($) ~ time cost (§)  time cost (§) ** discount factor

o+ equal recurring x cumulative-uniform-
yearly costs (§) ° series discount factor

(10)
The life-cycle cost for the diesel generator power source is calculated by using Equation 10
‘where

initial one-time cost ($) = diesel generators cost + fuel storage cost = 500 $'kwW
X 800 W + 1000 W/kW + 2008 = 600 §.

future one-time cost ($) = 0 §.

‘equal recﬁrring yearly costs ($) = operating and mainfenance m, = 78.36 § and 5760 §
vely. '

cumulative-uniform-series discount factor = that obtained from Appendix F:

Differential Inflation Rate of 0% for 25 years = 9.524.
Differential Inflation Rate of 8% for 25 years = 20.050.
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Equation 10 for diesel generator power source now reads

life-cycle cost '
(present value) (‘) =6008% + 78.36 8% x 20.050 + 5760 $ x 9.524 = 57,029.36 $

The life-cycle cost for the battery power source is calculated by using Equation 10
where

initial oﬁe_-tjme cost (§) = 11,455 §.

future one-time cost ($) = 11,455 §.

single-amount discount fagtor = that obtained from Appendix F:

Differential Inflation Rate of 0% for year 10 = 0.405.
‘Differential Inflation Rate of 0% for year 20 = 0.156.

-equﬂ recurring yearly c@sts ($) = 20,800 $ and 104.53 §.
cumulative-uniform-séiies discount factor = that obtained from Appendix F:

'Differential Inflation Rate of 0% for 25 years = 9.524.
Differential Inflation Rate of 7% for 25 years = 18.049.

Equation 10 for battery power source now reads

lifé-cycle cost
(present value) ($) ~ 11,4558 + 11,455$ x 0.405 + 11,455 $ x 0.156 + 20,800 §

"% 9524 + 104.53 $ x 18.049 = 217,867.12 §

The life-cycle cost for the utility grid extension power source is calculated by using
Equation 10 '

where
initial one-time eost' ($) = 450,000 §.
future .one-tilﬁe cost (3) = 0 8. '
equal recurring yearly costs ($) = 1000 $ and 88.85 §.
cumulative-uniform-series discount factor = that obtained from Appendix F:

Differential Inflation Rate of 0% for 25 years = 9.524.
. Differential Inflation Rate of 7% for 25 years = 18.049,
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Equation 10 for utility grid extension power source now reads

lifecycle cost -
(present value) (§) = 000 $ + 10008 x 9.524 + 88.85$ x 18.049 = 461,127.65 $

The life-cycle cost of the photovoltaic power system is calculated by using Equation 10. The
values to be used in Equation 10 are calculated by using Equations 11-14

initial one-time -

proculenmtcost=totalpeak photovoltaic module totalpeak

of a photovoltaic ~ watts (W) * cost per watt (/W) * watts (W) < 02 @W)
power system ($)

L@+ “:‘a‘:'tsp"(‘;)" X 125 (3/W) + xsm)
x 0.16 wwh) + inm?;'w‘::‘m x 116 ($/W) + 690 (3) (11)
' §vhere
total peak watts (W) = answer frbm example Equation 4
photo;oltaic mddﬁle cost per watt ($/W) = from cost assumptions.
actual battery storage size (Wh) = answer from example Equation 8

total peak inverter watts (W) = from cost assumptions

.Equation 11 now reads

- of a photovoltaic = 400 W x I58W + 1400 W x 020 /W + 60§ + 1400 W

X 1.25¢/W + 72,000 Wh x 016 $Wh + 800 W x LI6$/W + 600 $ = 36,298 §

installation cost of a

. total peak
photovoltaic power system ($)

watts (W) % 17:0 /W) = 1400 W x 17.0 ¥W

= 23,800 §

(12)
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The initial one-time cost is the sum of Equations 11 and 12.
initial one-time cost (§) = 36,228 $ + 23,800 $§ = 60,028 $

The future one-time cost is the future battery replacement cost and is calculated by using
Equation 13.

future one- actual battery
time cost (§)  storage size (Wh) 0.16 ($/Wh) = 72,000 Wh x 0.16 $/Wh

- 11,520 $ 13)

The single-amount discount factor is obtained from Appendix F for the proper Differential
Inflation Rate:

Differential Inflation Rate of 0% for year 10 = 0.40S.
Differential Inflation Rate of 0% for year 20 = 0.156.

The equal recurring yearly costs are the operating and maintenance costs of a photovoltaic
power system and are calculated by using Equation 14.

personnel
transportation
costs per trip ($/trip)

equal recurring _  actual battery
yearly costs (8) ~ storage size (Wh) * 0-001 (#/Wh) +

x 2 (trips/yr)= 72,000 Wh x 0.001 $Wh + 200 $/trip x 2 trips/yr

=4728% (14)

The cumulative-uniform-series discount factor is obtained from Appendix F for the prepet
Differential Inflation Rate:

Differential Inflation Rate of 0% for 25 years = 9.524.

When the answers from Equations 11-14 are substituted into Equation 10, the llfe-cyclé cost
for the photovoltaic power system reads as follows

(pmemv.lue)(a) - 60,028 § + 11,520 § x 0.405 + 11,520 § x 0.156 + 472 §

x 9.524 = 70,986.05 $

Comparing the life-cycle costs of the four power systems shows that the diesel generator is
the most cost-effective with the photovoltaic power system being second most cost-effective.
The economic module cost will now be calculated for this example. The lowest life-cycle cost of
the three conventional power sources is the 57,020.36 $ for the diesel generator power source.

..............
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This is the life-cycie cost that the photovoltaic power system must have to become cost-
effective. When the 57,029.36 $ is substituted into example Equation 10 for the photovoltaic
power system, the cost-effective initial one-time cost can be calculated as follows: -

initial one- | Ten
57,020.36 $ = time cost (3) + 11,520 $ x 0.405 f—.ll,520 $ x 0.156 + 472 $

x 9.5% - e oy + 10,958.05 8
Solving for iﬁitial one-time cost ($) gives
initial (-me-.time cost ($) =-=‘ 57,029.36 $ - 10,958.05 $ = 46,071.31 $
_ initial one-time cost ($) = example Equation 11 + example Equation 12
Substituting in the values for the initial one-time cost and example Equation 12 gives
- 46,071.31 § = e;mmple Equation 11 + 23,&)0.3
Solving for e‘imple Equaﬁon 11 gives
example Equation 11 = 46,071.31 § - 23,800 $ = 22,271.31 §

photovoltaic module + 1400 W x 0.20 /W

‘example Equation 11 = 1400 WX st per watt ($/W)

+ 608 + 1400 W x 1.25 $/W + 72,000 Wh x 0.16 $/Wh + 800 W
photovoltaic module + 15,298 §

, cost per watt ($/W)
" Substituting in the value of example Equation 11 gives

x 1.LI6$/W + 6908 = 1400 W x

T e o - photovoltaic module
22,271.31 § 1400 W x cost per watt ($/W) + 15,228 §
Solving for the photovoltaic module cost per watt gives the economic module cost.

* photovoltaic module _ 22,271.31 § - 15228 §
cost per watt ($/W) ' 1400 W

thus
economic module cost (/W) = 5.03 $/W
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Figure 10 shows when the Navy should be able to procure photovoltaic modules through
contracts for 5.03 $/W. The photovoltaic power system in this example should be cost-effective
and should be purchased by the Navy in 1985,
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Appendix C

PHOTOVOLTAIC MODULE
SPECIFICATION SHEET
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Specifications
The Module:

Min. Test Voltage: 16.2 VDC
Test Current: 1.2 Amps
Typical Short Circuit Current: 1.3 Amps
SN ' Typical Open Circuit Voltage: 20.0 VDC
- l ' Peak Power: 20 Watts
Weight: 7.31bs., 3.3 kg.

Note: Power outputs shown are under Standard Test Conditions
of 100 mw/cm® and 28°C. temperature.

.
g ‘ Nominal Voltage: 12 VDC
&
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Appendix D

AVERAGE DAILY
SOLAR INSOLATION TABLES!

1 jet Propulsion Laboratory. A Handbook of Solar Energy Deta for Surfaces of Arbitrary Orientation in the Unite
States and Ccnd)c. by J. H. Smith. Pasadena, Calif., JPL, Septomber 1879. (JPL Docusaent 5101-91, document
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.,

Abilene, TX Latituda:
TILT ANGLE
LATITUDE LATITUDE "LATITUDE

-15° +15°

4.2 4.7 5.0

7 5.1 5.5 5.6
] 5.9 6.9 5.8
A 6.4 6.2 5.7
b | 6.6 6.1 5.4
3 2.2 6.6 5.6
J 6.8 6.3 © 5.3
A 6.7 6.5 5.9
S 6.1 6.2 6.0
[+] 5.3 5.7 5.8
N 4.2 4.8 5.1
D 3.8 b4 4.7

Locations' AlbSuquerque, NM Latitude:
TILT ANGLE
MONTH LATITUDR I.ATI'I'II.DI LATITUDE

-130 +15°

J S.‘Z 6.0 6.4
-r 6.1 6.7 6.8
" 7.2 7.4 7.1
A 1.8 7.6 6.9
n 8.0 7.3 6.4
J 8.2 7.4 6.3
J 7.8 7.2 6.2
A 7.6 ' 7.3. 6.7
] 7.3 7.5 . 7.3
(] 6.5 7.1 7.3
L] 5.4 6.3 6.7
D 4.8 3.7 6.2

RN

S
S

Nt 5

‘4
A
v
¥
.
+
‘4
4

Sy

Albany, WY Latitude: 42° '
TILT ANGLE

LATITUDE  LATITUDR LATITUDE
159 T
2.2 2.4 2.5

r 2.9 31 1.1

" 5.1 5.2 5.0

A 6.6 64 4.0

" 5.1 .7 .2

3 6.8 6.1 5.3
6.1 3.6 4.9

A 5.3 5.1 ')

] 4.0 4.1 3.9

0 3.9 4.1 4.2

" 6.0 4.6 49

D . 2.6 3.0 32

Amarillo, TX Latitude: 35° 10
TILT ANGLE
MOWTH LATITUDE  LATITUDE LATITUDG

-18¢ .13°

J 8.7 5.4 5.8

r 3.6 1 6.2

n 6.3 6.4 (%Y

A 1.1 68 .2

n 7.1 6.3 3.7

3 7.4 67 s.?

J 1.2 P 5.8

A 1 o9 6.3

s 6.9 . [

0 8.7 8.2 0.4

] %} 5.6 6.0

» . 5.0 5.9
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INSOLATION
i/ u?)
- Locationt Ames, IA Latitude: 429 0' Location: Asherst, MA Latitude: 42° 10'
TILT ANGLE TILT ANGLE
- WOWTH WATITUDE - LATITUDE  LATITUOE MONTH LATITUDE  LATITUDE  LATITUDE
i -150 +1850 -15° +15°
’ -3 3.4 3.8 4.0 J 2.0 2.2 2.3
g r 3 6.6 6.7 r 2.9 3.0 3.0
M a8 4.8 6.7 ] 4b ' 6.2
': A 5.1 4.9 8.5 A 4.4 4.2 3.8
N n 5.6 5.1 4.5 " 5.0 66 4.1
» 3 6.1 5.5 6.8 3 5.8 5.2 .5
J 6.1 3.6 4.9, J 5.9 5.6 &7
A 5.6 5.3 4.9 A .2 5.0 4.6
] 4.9 6.9 6.7 s 4.3 “b 42
N 0 4.2 &5 43 ° 3.7 4.0 4.0
u 3.3 3.7 3.9 " 2.6 2.9 3.0
) 2.7 1.0 1.2 ® 2.2 2.3 2.7
Location: Annapolis, D Latitude: 38° 60° Location: Annette, AK Latitude: 35° O'
TILT ANGLE TILT ANGLE
HONTY LATITIDE . LATITUDE  LATITUDK MONTH IATITUDE  LATITVDE  LATITUDR
-150 . +130 -150 +13°
F] 2.9 3.3 3.4 3 1.9 2.2 2.3
r .8 6.0 sl r 2.7 2.8 2.8
n &2 4.8 4.6 ] .3 W 4.2
A 5.3 5.1 8.7 A 5.2 5.0 s
" 5.7 5.3 .6 n 5.3 .8 .2
3 62 5.6 49 i) 3.0 .3 3.9
"3 o 5.6 .9 3.0 'Y .0
A 5.6 5.4 .9 8.3 ' 3.7
s 49 5.0 ') 3.9 3.9 3.8
° 2.3
» 1.4
»
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INSOLATION
(k¥h/w?)
Location: Apalachicolas, FL Latitude: 29° 40° Location: Asheville, ¥NC Lstitude: 35° 30'
TILT ANGLE ' . TILT ANGLE
MONTH © LATITUDE  LATITUDE  LATITUDE “owTH LATITUDE  LATITUDE  LaTITDE

-150 159 -15° +15°

] . 4.2 8.7 3.0 J 3.5 3.9 4.
¥ 5.1 5.5 5.6 r 4.5 4.8 4.8
" 5.8 5.9 5.1 ] 5.2 3.3 5.1
A 6.7 6.4 5.9 A 6.1 © 8.9 5.4
¥ 5.9 6.4 5.6 ) 6.4 5.9 5.2
J 6.7 6.i 3.2 J 6.4 5.8 5.0
3 6.2 R 5.0 3 6.3 5.8 5.1
A 5.9 5.7 5.2 A 6.0 5.8 5.3
8 S.5 5.7 5.8 s 5.5 - 5.6 5.4
° $.4 5.9 6.0 o 5.0 S.4 5.5
N 5.6 5.2 5.5 " 3.8 [ 4.3

> 3.7 4.3 4.6 ] 3.2 3.7 3.9 ‘
Location: .Astoria, OR . Latitude: 46° 10° Location: Atlsnta, GA Latitude: 33° 40'
TILT ANGLE . TILT ANGLE
MONTH LATITUDE  LATITUDE  LATLIUDE HONTH LATITUDE  LATITUDE LATITUDE

’ -139 +15° -15° +15°

J 1.8 1.9 " 2.0 R 3.3 3.9 R
r 2.7 2.9 2.9 r 41 4t 4.3
b 4. ol 3.9 ] 5.1 N 5.0,
A o9 (%] a2 A 5.9 5.7 5.2
" 5.8 5.3 46 ] 6.1 5.6 3.0
3 5.4 X 8.3 J 8.2 3.6 .9
J 6.t .6 4.9 J 6.1 5.8 .0
A 5.6 .4 a9 A 5.8 3.6 3.2
s 3.0 5.0 .. s s L T5 5.0
0 3.4 3.6 3.6 ° I ) s.1 3.2
(] 2.0 2.2 2.3 N 3.8 43 a8
D . s 1.6 1.7 ° 3.0 3.3 37
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INSOLATION
20 - (o /a?)
-4 Location: Atlaatic City, W Latitude: 39° 30 Location: Baltimore, MD " Latitode: 390 10°
ot
,"'
‘ TILT ANCLE TILT ANGLE
¥ ,
o MONTH LATITUDE LATITUDE LATITUDS NONTH LATITUDE LATEITUDE LATITUDE
- 150 139 -150 ] 150
.:j . J 3.1 3.4 3.6 J 3.0 3.4 3.5
4 4.0 4.3 4.6 4 3.9 4.1 4.2
,‘ L] 5.6 5.7 5.5 " 6.8 4.9 4.7
< a 5.4 5.2 6.7 A 5.3 5.1 .6
" $.7 5.2 ©eb " 5.7 5.2 4.6
J 6.6 - 5.8 5.1 J 6.2 5.6 9
i J . 6.4 5.9 5.2 J 6.1 - 5.6 4.9
‘jJ A W 5.5 5.0 A 5.6 5.4 .9
; s s 5.2 5.0 ] 6.9 5.0 .8
_:' ) .6 .8 .9 0 3 4.6 4.6
L . ] 3.5 3.9 4.1 " 3.0 3.3 3.5
‘.J ) 2.7 . 3.3 ° 2.7 3.0 3.2
>
; Location: Bethel, AK Latitude: 60° 50 Locations Big Spring, TX Latitede: 32° 10'
- TILT ANGLE TILT ARLE
] -
-] wouTH LATITOE LATITIDE  LATITUDE wouTH LATITUDE  LATITUDE  LATITWDR
v.d -15° ‘ . e18° -i3° +15°
-3 3 1.9 2.1 2.2 3 sl s - a9
) 1.7 .0 sl ) 5.0 5.3 5.6
= N 6.6 s .6 N 6.2 6.6 6.2
- A 1.2 6.9 63 A 7.2 6.9 63
:' n 5.7 s 4.9 " 6.3 6.0 'R
X 3 5.1 Y 3.9 3 6.7 6.1 5.2
,, 3 2 - 38 3.3 3 62 - 83 5.0
- . A 3.2 3.0 2.7 A 5.4 5.2 .8
j s 3.1 32 3.0 s. 6.3 6.7 6.4
% ° 2.7 2.0 3.0 ° s.2 5.6 5.7
v . " 1.6 1.8 1.9 " a2 a7 5.0
2 ° 1.3 1.5 1.6 ) 8.0 . .9
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) 1NSOLATION

[

B : (in/wd)

-y . .

,}:'3 Location: Billings, MT Latitude: 45° %0° Location; Binghampton, NY Latitudes .42° 10'

A . . .

o
- TILT ANGLE TILT ANCLE
,‘C«, — -

oY HOWTH. IATITUDE.  LATITUDE LATITUDE MOWTH  LATITUDE  LATITUDE  LATITUDE

Lo -15° : +15° - =159 . e15®
-‘."v ro-

% ] 3.4 < 3.9 4.1 J 2.3 2.8 2,9
. r a5 4.8 4.9 r ) 3.6 3.6
k- " T 5.8 5.6 " 04 b6 42
‘3" A 6.0 5.8 5.2 A .8 a6 .2
5N " 6.3 5.8 5.1 " 3.7 5.2 6.6
oY)

B 3 6.9 6.2 3.4 J 6.2 3.6 5.9
F] 7.4 6.8 5.9 J 6.2 5.7 s.0
- A 7.0 6.7 6. 4 s.7° © S 5.0

i s 5.0 6.2 6.0 s 4.8 I O
o o 5.1 4.2 4.5 0 3.9 4.2 4.2
~ » e 3.8 a1 . 2.3 2.6 . 2.7
a -

b 5 0, 2.8 3.3 . 3.5 ] 2.0 2.3 . N
AN
:: Locationt Bimingham, AL ' Latitude: 33° 30° Location: Bismarck, WD Latitude: 46° 50°

.b( . . . . N : B

- : ' . TILY ANGLE TILT ANGLE
Y I : : ‘

.‘:i O R
23 . nowTH WTITIBE  LATITWOE LATITUDR oW LATITUDE  JATITUDE  LATITUDK
-3 : 139 *18° . -130 *13°
. - T
7 ‘3. Y| 3.6 J %6 4.l 4.3
‘ v W} &3 ¥ r X} 5.3 S
.a-'} St " .9 . .8 " 5.6 1 B W
o
N A 6.0 .8 5.3 A 6.0 s.? 5.2
Ty nasan. .
S ] 6 5.9 5.2 ] 6.6 6.0 8.3
o ) Xy $.7 a0 . 6.6 s 5.1

3 6.2 S.7 3.0 3 7.0 6.4 .6
' .9 5.7 s.2 A 6 8.1 3.6
s 5.3 S.4 s.2 s 5.4 8.8 s.3
° 4.8 5.2 ) ° 46 5.0 5.1
» X1 .9 6.2 " 5.2 3.4 3.8
L 2.9 3.3 3.3 ) e 2.2 38
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INSOLATION
(kih/w?)

Location: Blue Mill, MA Latitude: 42° 10° Locationt Boise, ID Latitude: 43° 30'
TILT ANGLE TILT ANGLE
HONTH IATITUDE LATITWOR LATITUOE . MONTH LATITUDE LATITUDE LATITUDE

-15° +15° -15° +15°

3 2.9 - 3.2 3.4 J 2.7 3.1 3.2

] 3.6 3.8 3.8 r 4.1 4.6 4

] 4.5 4.5 4.3 u 5.1 5.1 5.0

A 48 4.6 4.2 A 6.4 6.1 5.6

] S.A 5.0 W M 6.9 6.4 3.3

J .8 s.2 4.3 J 7.2 6.9 3.6

3 5.7 5.2 4.6 J 1.7 7.1 6.1

a .2 5.0 4.6 A 1.0 6.7 6.1

s 4.6 4.7 4.3 s 6.3 6.5 6.2

o ‘3.7 4.0 4.0 0 5.1 5.5 3.6

] 2.6 2.9 31 . 3.3 3.7 3.9

> 2.4 1.7 2.9 D 2.3 2.6 2.8

Location: Boston, MA Latitude: 42° 20° Locatioa: Boulder, CO Latitude: 40° O'
TILT ANGLE TILT ANGLE
MOWTH LATITUDE  LATITUDE LATITUDE MONTH LATITUDE LATITUDE  LATITUDR

-130 +13° -159 *139

J 2.3 2.8 2.9 3 3.7 4.2 kb

1] 3.2 3.4 3.4 F 4 .. 4.8

" 4.3 %) 4.1 ] 5.9 6.0 5.8

A 6 b 8.0 A 5.8 5.6 5.1

" s.4 .0 Wy M 5.3 4.9 6.3

J [R] 5.0 W J $.9 .3 6.6

3 5.7 5.2 4.6 3 5.9 5.4 40

A s.1 4.9 .. A .2 .0 6.6

s [W R 4.3 s S.4 .5 .3

° 3.5 3.8 3.8 ° 4.6 3.0 s.1

» 2.4 2.7 2.8 " .8 4.3 4.5

1] 2.2 2.4 2.6 D 3.4 3.9 8.2
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. SMSOLATION
-:j;: (im/u?)
\:i:: tocetion: Browmeville, TX Latitude: 239 30°' Location: Cape Hatteras, NC Latitude: 339 20°
o
od TILT ANGLE . TILT AMGLE
MoNTH LATITUDE  LATITUDE  LATITUDR nowt LATITUDE  LATITUDE  LATITUDE
-15° s150 . -150 +13°
3 3.8 3 .. P 4.0 .3 .8
r 8.4 e 8.7 v .. s.2 5.3
" 5.0 ER 6.9 n 6.0 . 6l 3.9
'::;:: A 5.3 5.3 8.9 A 7.1 6.8 6.2
= " 6.4 5.9 s " 7.3 6.7 5.9
.. 3 6.8 6.2 5.4 J 13 6.6 5.6
' : 1.0 65 57 3 2.1 6.3 3.7
:;;.‘ A o 6.2 R) A 6.6 6. 5.8
s 3.6 L N X s 6.0 6.2 5.9
o ° 5.1 5.3 5.6 0 5.1 5.5 5.6
™ . 2.6 4.0 a2 » o 5.0 5.3 !
'_.: ) 3.3 3.7 3.9 ) 3.4 29 6.2 |
_‘ Locatiom:  Carihou , ME Latitude: 46° 50' Location: Charleston, SC Latitude: 32° 30'
-
'
= TILT ANOLS : LT ANcLE
ot -
‘-::2\ " HONTR uﬁm: ' LATITUDE LATITUDE MONTR LATITUDR LATITUDR LATITUDR
s -1° . 130 -150 o159
"’:’-Z J .0 3.4 3.6 ] 3.8 .3 W
r 5.6 s 4.8 r bob 67 .7
' " 60 . sl 5.9 " 3.2 5.3 s.1
! A 3.3 . .6 A 6.3 6.1 " 5.8
;‘ " 5.8 3.1 6.8 N 6.3 5.8 5.1
2 J 5.4 6.9 4.3 1 6.3 ') a9
s 3 5.8 5.3 4.8 3 5.9 Sub’ | .8
50 A 3.8 5.3 .8 A .8 s.6 5.2
“2:; s “e .7 .3 s 3.0 $.1 a9
) ° E WY 3.6 3.6 ° .8 X 5.0
] 1.9 2.1 2.2 " ol a7 X
& ® 2.3 2.6 2.8 ) )2 37 39
X
- ¥
- 62
. )




NWC TP 6381

INSOLATION
. (ks /w?)
Location: Charlotte, NC Latitude: 35° 10' Locstion: Chattanooga, TS " Latitude: 35° 0'
TILT ANGLE ‘ e TILT ANGLE
MOWTH LATITUDE  LATITUDE  LATITUDE nouTH LATITUDE  LATITUDE  LATITUDE
-150 *150 -15¢ NTUEE
3 1.6 C 5.0 4.2 3 3.0 34 3.5
’ 4.5 4.8 4.9 ] 5.0 6.3 4.3
U ) 5.2 5.3 5.1 N 4.6 6.7 6.5
A 6.3 6.1 5.6 A 5.8 5.5 5.1
5 " 6.3 5.8 5.1 ] 6.2 T8 5.0
E- J 6.3 B 5.1 J . 6.3 5.7 4.9
3 6.4 . 5.9 Ts2 i) 6,2 $.7 5.0
A 6.2 5.9 5.4 " 5.9 5. 5.2 ]
s 5.5 5.6 5.4 8 5.4 5.9 5.3
° 5.0 5.4 5.5 ° 4.6 5.0 5.0
» 1.8 3 .5 " 33 3.7 3.9
o 3.2 Ly 3.9 1] 2.8 31 3.3
Locations Chicago, IL Latitude: 41° 60° Locationt Cleveland, OH Latitude: 419 20°
TILT ASGLE . TILT ANCLE
mowTh LATITUDE ., LATITUDE LATITUDE wowTH LATITUDE  LATITUDE LATIIUDE
-390 . +18° -150 ) +15°
3 3.2 3.6 1.8 J 2.1 2.3 2.4
1 3.8 4.1 &1 r 2.8 3.0 1.0
" L 48 I ) " % ] %] Wy
A ’9 (%] a3 A &7 'R ] Al
] 5.8 . 5.3 &7 ] s.1 3.6 X )
J 6.2 5.6 %) . 3 63 - 3.7 ')
J 6.0 [K) 4.9 3 6.2 5.7 .0
. A 5.9 5.7 .2 A 3.9 5.7 s.2
) s 5.1 5.4 . s 5.0 - 5.0 .8
° 4.0 4.3 '] ° 3.9 a2 a2
. ] 2.8 2.9 3.0 ] 2.2 2.3 2.6
> 2.3 2.6 2.8 1] 1.9 2.2 2.3




INSOLATION

(i /w?)
Location: Columbia, MO Latitudet 38° 60'
TILT ANGLE
: HONTH u"n'wh LATITUDE LATLTUDE
-uo .1,0
J 3.0 2.6 3.5
y 3.9 &1 4.2
n 6.8 69 6.7
A 5.4 5.2 .8
M 6.1 .7 $.0
I 6.4 5.8 -$.0
3 6.3 6.0 5.3
A 6.2 6.0 5.3
s 5.9 6.0 5.8
-0 4.7 5.1 s.2
. 3.5 4.0 5.2
‘ ) 2.9 3.3 3.3
Lecation: Corpus Chrisei, TX Latituder 279 50°
TILY ANGLE
HONTS LATITUDE  LATITWDE  LATITWDS
=130 *15°
3 3.6 4.0 4.2
] W 6. 4.8
" 3. s $.2
A .7 5.5 5.1
" o 5.9 3.2 .
3 6.9 6.2 5.4 .
J 7.1 6.6 5.8
A 6.3 6.3 ‘5.8
s .6 s.7 . [ K]
0 s.2 .6 5.7
» 3.7 82 Wy
® %32 3.6 3.8
. 64

Locationt Columbus, OH Latitudes 40° O'
TILT ANGLE
MONTH LATITUDE LATITUDE LATITUDE

-1%¢ *15°

J 2.2 2.4 2.4

? 3.1 3.3 33

] 4.2 4.3 [N

A 5.0 4.8 4.3

N s.? 5.2 4.6

J 6.3 5.7 (%

3 6.1 5.6 69

A 3.7 5.5 3.0

] .5.3 S.6 S.4

0 4.3 LA W

| 2.9 3.2 3.4

o 2.3 2.6 2.7

Locstion: Corvallis, OR Latitudet 44° 30°
TILT ANGLE
1OUTH LATITUDR LATITUDR LATITUDE

-199 *19°

J 1.8 2.0 21

4 2.3 .4 .3

| 4.2 4.2 [ 13

A S.2 3.0 4.6

] 6.0 3.9 4.8

J 6.3 1.9 3.1

J 1.7 1.1 .1

A 6.8 6.9 9.9

L 5.3 3.6 3.4

() 3.6 3.9 3.9

] 2.3 1.7 2.9

] 1.4 1.3 1.6

L
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NWC TP 6381
INSOLATION
(kWh/w?)
) Location: Dallas, TX Latitude: 32° 50' Location: Davis, CA Latitude: 38° 30°
TILT ANGLE TILT ANGLE
MONTH LATITUDE  LATITUDE  LATITUDE MONTH LATITUDE  LATITUDE  LATITUDE
: -159 +159 -15° Coese
J 34 3.8 5.0 3 2.6 2.9 3.0
¥ 4.5 4.8 4.8 r 4.0 4.2 4.3
] 5.2 5.3 5.1 ] 5.7 .8 5.6
A 5.6 5.4 4.9 A 6.7 6.5 5.9
u 6.0 5.6 4.9 M 7.3 6.7 5.9
] 6.7 6.1 5.3 3 1.8 1.1 6.0
J © 6.6 6.1 5.4 J 1.9 7.2 6.3
A 6.3 S 5.5 A 7.3 7.1 K]
] 5.7 5.8° 5.6 s 6.6 .8 6.6
o 4.9 5.2 5.3 o 5.1 5.6 s.7
] 37 4.2 4.4 " 3.6 3.8 4.0
1 ) 3.3 3.8 4.0 D 2.4 2.7 2.9
:: Qutian: Dayton, OH Latitude: 139° 50° Location: Denver, CO Latitude: 39° 40°
N
TILT ANGLE TILT ANGLE
HOWTH LATITUDE  LATITUDE  LATITUDE HONTH LATITUDE  LATITUDE  LATITUDE
-15° +13° -15° - .50
3 2.8 3.1 3.2 J 4.8 5.5 5.9
r 2.6 . 3.8 3.8 r 5.8 6.3 6.4
R . 4.7 4.8 4.6 ] 6.4 6.6 6.4
- A 5.3 5.1 4.6 A 6.6 6.4 5.8
M . 6.0 5.5 ' 4.9 L] 6.8 6.3 5.5
j: 3 6.4 5.8 5.0 3 13 6.6 Tosa
J 6.4 5.9 . 5.2 3 7.2 6.6 3.8
E’— : A 6.1 5.9 5.4 A 1.1 6.9 6.3
b s 5.3 5.6 5. s 6.6 6.8 6.5
¥ 0 4.3 4.9 5.0 0 5.7 6.2 6.3
‘ L ) 3.0 3.3 3.3 N 6.8 5.2 5.5
1 2.5 2.8 3.0 D a.l 4.8 5.2

[}

T
D

w5 . v

PR C - .o .
o e vt T N
PE TN TR, A W TN




NWC TP 6381
INSOLATION
(kim/m?)
Location: Des Moines, [A Latitude: 41° 30° Location: Detroit, Ml Latitude: 42° 10°'
TILT ANGLE : TILT ANGLE
MONTH LATITUDE LATITUDR LATITUDE HONTH LATITUDE LATITUDE LATITUDE
. =139 +15° -1 *159
J 3.1 3.4 3.6 J 2.4 2.6 2.7
r 4.0 4.2 4.3 f 3.3 3.5 3.5
) 4.7 4.7 4.6 M 4.4 4l 4.2
A 5.4 5.2 4.7 A 4.9 4.7 6.3
o 6.0 3.5 4.9 ] .8 5.3 4.7
J 6.3 5.7 6.9 J 6.2 5.6 4.9
J 6.4 5.9 .2 5 6.3 5.8 s.1
A 6.0 5.8 . 5.3 ‘A 5.9 5.6 5.1
s S.6 5.5 3.3 ] 5.2 5.2 5.0
) 4.6 4.9 3.0 0 6.2 4.3 6.3
n 3.2 3.6 3.8 . 2.4 2.7 2.8
D 2.3 2.8 3.0 D 2.0 2.3 2.4
Location: Dodge City, KA Latitude: 37° 50' Location: Duluth, MM Latitude: 46° 50'
TILT ANGLE TILT ANGLE
MONTH LATITUDE LATLTUDE LATITUDE WONTH LATITUDE LATITUDE LATITUDR
: -15° +150 -15¢ ' «15°
J 4.3 5.2 5.5 J 2.9 3.2 3.4
r 5.2 .7 5.8 r 3.9 4.2 4.3
] 6.1 6.3 6.1 ] 5.1 5.2 .0
A 6.8 6.6 6.0 A 5.3 5.1 W
] 6.6 6.1 3.3 N 3.7 5.2 4.6
3 7.4 6.7 .7 J 6.2 5.6 6.9
3 7.3 6.7 5.9 3 6.3 X T 5.1
A 7.0 6.8 6.2 A .7 5.3 .0
] 6.4 6.6 T 6. s 4.6 4.7 a8
° .6 6.0 . 6.2 ° 3.8 4.1 4.1
» 46 5.3 5.6 N 2.3 2.6 2.7
] 4 s 3.2 D 2.2 2.9 2.7




NWC TP 6381

INSOLATION
(kWh/m?)
N Location: East Lansing, Ml Latitude: 642° 40° Location: El Paso, IX Latitude: 319 50'
TILT ANGLE . . A TILT ANGLE
MONTH LATITUDE LATITUDE LATITUDE MONTH LATITUDE LATITUDE LATITUDE
-15° +150 -15° +15°
J 2.0 2.2 2.2 J 5.1 5.9 6.3
F 3.3 3.5 3.5 F 6.3 6.9 7.1
] 4.3 4.3 4.1 M 7.4 7.6 7.4
A 4.3 4.l 3.7 A 8.1 7.8 7.1
] 5.4 5.0 4.t M 8.2 7.5 6.5
3 " 5.8 5.2 4.5 3 8.2 7.4 6.3
3 5.8 s.3 4.7 3 1.6 1.0 6.1
A .53 s.1 4.7 A 1.5 1.2 6.6
[ 4.6 4.7 4.5 ] 7.2 7.4 ) 1.2
o 3.6 2.8 3.9 [ 6.7 6.9 7.1
] . 2.0 2.2 2.3 " .3 6.2 6.6
D 1.7 1.9 2.0 ° Y] s.7 6.2
Location: Ely, NV Latitude: 399 20 Location: Fairbanks, AK Latitude: 64° 30°'
TILT ANGLE TILT ANGLE
MONTH LATITUDEZ LATITUDE LATITUDE 0N LATITUDE LATITUDE LATITUDE
=150 +15° -15° +15°
J 4.6 5.0 S s J 2.0 2.3 2.4
r 5.6 6.1 < 6.2 r 32 3.3 3.6
» 6.8 6.9 6.7 ] 6.2 6.4 6.2
A 1.2 6.9 6.3 A 6.3 6.3 .7
" 7.2 6.6 5.8 N 6.1 $.6 A8
3 8.0 1.2 6.1 3 6.1 5.5 %
J 1.3 6.7 5.9 J 5.3 . &8 4.0
R A 7.3 N 6.4 A 5.0 4.8 4.3
E . s 6.9 7.1 6.9 s 3.2 3.3 3.1
j .0 6.0 6.6 6.7 0 2.4 2.3 2.6
e ’
M " s.1 5.9 6.3 " 1.5 1.7 1.8
s I
D sl 4.8 .2 D 0.7 0.8 0.9
"
b,
3
L:;
b,‘ 67
st
2 ]
LY
P?"' B - ': K K
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INSOLATION

(xWh/w2)
Location: Fargo, ND - Latitude: 46° 50° Location: Fort Smith, AR Latitude: 359 20'
. TILT ANGLE TILT ANGLE
MONTH LATITUDE  LATITUDE  LATITUDE MONTH LATITUDE  LATITUDE  LATITUDE
-150 +15° -159 " e150
J 2.7 3.1 3.2 3 3.1 3.4 3.6
7 4.0 4.3 4.6 r 4.0 4.3 4.3
1 ) 5.0 4.8 M 4.9 5.0 4.8
A 5.5 5.3 4.8 A 5.5 5.3 .9
M 6.0 5.5 4.8 " 6.1 5.6 5.0
J 5.9 5.2 4.6 3 6.3 5.7 4.9
3 6.3 5.8 5.1 3 5.2 5.7 5.0.
A 5.8 5.6 5.1 A 6.2 5.9 5.4
s 6.8 4.9 4.7 s 5.5 5.6 5.4
0 4.0 4.3 4.3 0 4.7 5.0 5.1
» 2.4 2.7 2.8 " 3.8 3.9 4.1
v 2.6 1.0 3.2 ) 2-9 3.3 3.5
Location: Port Wayne, IN Latitude: 41° 0' Location: Port Worth, TX Latitude: 32° 30°
TILT ARCLE TILT ANGLE
MOWTH LATITIDE  LATITUDE  LATITUDE HOWTH LATITUDE  LATITUDE  LATITUDE
-159 150 -159 159
3 2.7 3.0 32 3 3.8 4.3 4.3
r - 3.5 3.8 3.8 r a6 5.0 5.0
] 6.6 4.6 6.3 X 5.7 .8 5.6
A 5.2 4.9 4.5 A 3.8 RS 3.1
; ] 6.1 5.6 49 " 6.4 5.9 5.2
i,‘ J 6.5 5.9 s.1 3 1.2 6.6 5.6
- J 6. "85.9 s.2 J 6.9 6.4 5.6
‘ A 6.1 s 5.4 A 69 - 62 6.1
o s 5.2 5.3 .1 s 6.3 s .2
° 6.3 .8 8.9 ° 5.3 5.8 3.9
E' " 2.8 31 3.2 (] 43 a9 .2
"‘ ) 2.4 . 2.1 2.9 o 37 a2 a6
C:::
™
- 68




NWC TP 6381
INSOLATION
(kW /m?)
Locationt Fresno, CA Latitude: 36° 50' Location: Gainesville, FL Latitude: 29° 40'
TILT ANGLE TILT ANGLE
HonTH LATITUDE  LATITUDE  LATITUDE ' HoNTH LATITUDE  LATITUDE  LATITUDE
-150 *15° -130 +130
3 2.9 3.3 3.4 3 3.9 “.b 4.7
v 6.8 4.8 4.9 r 5.1 5.5 5.6
] Y 6.2 6.3 6.1 N 5.8 5.9 5.7
r. A 6.8 6.6 6.0 A 6.5 6.3 5.8
f X 7.3 6.7 5.9 " 6.7 6.2 5.5
I 7.8 7.1 6.0 3 6.1 5.6 w9
-‘ P 1.3 6.9 6.0 1 5.9 5.4 .8
F A 7.2 7.0 6.4 A 5.9 5.7 5.2
: s 5.3 6.7 6.5 s 5.4 5.5 5.3
0 5.4 5.9 6.0 ° 4.8 5.1 .2
L[ﬂ " 39 6.2 6.6 " 6.3 4.9 5.2
o 2.5 2.8 3.0 ) 3.6 .l P
Location: GClasgow, MT Laticude: 48° 10' Location: Grand Junction, CO Laticude: 39° 10°'
TILT ANGLE " rrer ameu
MOWTH LATITUDE  TATITUDE  LATITUDE oNTH LATITUDE  LATITUDE  LATITUDE
- -150 »15° -130 *150
3 3.9 6.9 4.8 3 4.2 6.8 5.1
r 5.4 5.8 5.9 r .4 5.9 6.0
r ] 6.4 6.5 6.3 " 6.2 6.4 6.2
:" A 6.2 5.9 S.4 A 6.0 6.6 6.0
'3 " 6.7 6.1 5.3 u 7.0 64 $.6
}Eu_' J 6.9 6.2 5.3 3 1.9 7.2 6.1
b‘ 3 1.4 6.7 5.9 3 1.6 7.0 6.1
[: A 6.7 6.3 5.9 A 1.0 6.7 6.2
,1 . s 6.0 6.1 5.9 s 6.7 6.9 6.7
" 0 6.8 5.2 5.3 0 5.7 6.2 6.4
:] » 3.3 1.8 4.0 N 6.5 5.1 5.5
; ° ) 2.9 36 3.7 b 5.0 07 5.1
1
f
69
N AR AR AR R RSP RSV gyt e N e e




NWC TP 6381

Location: Crand Lake, CO Lstitude: 40° 20'
TILT ANGLE
MOWTR LATITUDE LATITUDE LATITUDE
-13° +15°
J 3.9 4.5 4.7
¥ S.4 s.8 5.9
| 6.2_ 6.3 6.1
A 6.6 6.6 5.8
" 6.4 KX 5.2
J 7.1 6.4 3.3
J 6.8 6.2 5.4
A 6.0 5.8 5.3
] 6.4 6.5 6.3
[\] " 5.6 6.1 6.2
N 4.1 4.6 4.9
1] 3.4 4.0 6.3
Location: Green Bay, W1 Latitude: 44° 30°
‘Tltf ANGLE
MONTH LATITUDE LA*ITUD! 'LATITUDI
-159. *159
J 2.7 3.0 3.2
r * 3.7 3.9 3.9
M 4.7 4.8 4.6
A 5.0 6.8 &b
M 5.8 3.3 4.7
J 6.1 5.5 4.8
J 6.1 5.6 6.9
A 3.6 3.4 . 8.9
s 4.8 6.9 &
[} 3.7 6.0 - 4.0
| ] 2.4 2.7 2.8
D 2.1 2.4 2.6

INSOLATION
(kWh/u?)

Location: Great Falls, MT Lstitude: 479 30°
TILT ANGLE
wowru LATITUDE  LATITUDE  LATITUDS

-150 *150

J 3.1 3.6 3.8

4 4.5 4.8 4.9

| 5.9 6.1 5.9

A 5.7 5.5 5.0

L} 6.2 3.7 5.0

3 6.7 6.0 5.2

J 1.6 6.8 5.9

A 6.6 6.4 5.8

3 5.8 S.9 5.7

o 4.5 &9 .0

| | 3.1 3.5 3.7

b 2.5 2.9 3.1

Location: Greemsboro, NC Latitude: 36° O'
TILT ANGLE
MONTH LATITUDE LATITUDE LATITUDR

-13° +13°

J 3.3 3.7 3.9

r &4.1 4.3 &4

| 4.8 4.9 67

A 3.9 3.6 5.2

] 6.1 3.6 4.9

J 6.3 . 8.7 6.9

J 6,1 3.6 4.9

A 3.6 5.4 &9

] 5.1 3.3 3.1

[} [} 4.9 5.0

" 3.8 6.2 4.3

] 3.0 3.4 3.6
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NWC TP 6381
INSOLATION
(kWh/m?)
° Locations ' Gnawi'lh- Latitude: 34° 50' Location: Griffin, GA Latitude: 339 10'
Spartanberg, NC
o TILT ANGLE TILT ANGLE
n .
e OWTH LATITUDE  LATITUDE  LATITUDE oy LATITUDE  LATITUDE  LATITUDE
e -18° +150 -150 »130
- J 3.3 3.9 4.1 J 3.6 s 6.3
b _ r 3.9 4.2 4.2 r bb 8.7 6.7
M 5.2 5.3 5.2 " 5.2 s.3 5.1
[ A 6.3, 6.1 5.6 A 6.3 61 5.6
, * 6.3 5.8 5.1 " 6.6 61 5.4
ﬁ' ) 6.3 5.7 4.9 3 6.5, 5.9 5.1
4 3 6.3 5.8 5.1 3 6.3 5.8 5.1
. A 6.0 5.8 5.3 A 6.2 5.9 . 8.6
»5::; s 5.3 5.4 5.2 s $.4 3.3 5.3
° 3.0 5.4 5.8 0 5.0 .6 5.5
u ¥ 1.9 6.3 4.8 " 6.2 .8 5.0
) 3.2 2.7 1.9 ) 31 36 3.8
Location: Hartford, CT Latitude: 41° 60° Locations Wilo, HI Latitude: 19° 40'
TILT ANGLE TILT ANGLE
4 - -
K " ot LATITUDE  LATITUDE  LATITWOS nowm IATITUDE  LATITUDR  LATITUDR
X -15° »150 -180 . *13°
£ ' 2.9 3.2 3.4 J 3.4 3.8 3.9
— r 3.8 6.0 .0 r .3 .8 .9
f_. " 4.8 4.8 4.7 i 5.6 .5 5.3
; A o9 ) a3 A 3.1 4.9 &3
: "E 5.6 5.1 o3 . ™ 5.1 o8 4.3
‘. 3 6.0 5.4 %) 3 6.3 6.0 . sa2
v ) 6.0 3.3 .9 ) 6.2 3.8 5.1
. A 5.6 5.3 o9 A $.7 5.5 5.0
i s .7 o8 . s 5.2 5.3 5.2
:;l:f o 2.9 8.2 .2 ° 4.0 % %
b S u 2.7 1.0 %2 ) 3.6 3.9 sl
o ] 3.7 4.3 4.7 D 3.2 3.6 3.8
i
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NWC TP 638

INSOLATION
(<ih/w?)
Location: Honolulu, WL L;titudez 212 20* Locationt Houstos, TX Latitude: 29° 60'
TILT ANGLE TILT AMCLE
HONTH LATITUDE  LATITUDE  LATITUDE noNTH LATITUDE  LATITUDE  LATITUDE
-150 *5° -15° +13°
J 4.6 5.2 5.5 J 3.4 3.7 39
r .3 5.7 5.8 r 42 hd .8
u 6.3 6.4 6.2 M 5.0° 5.1 49
‘A 6.5 6.3 5.8 A 5.5 .3 49
] 7.1 6.6 S.7 | 6.3 s.8 S.1
J 7.0 6.4 5.5 J 6.8 6.2 5.3
J 7.1 6.5 . 5.7 J 6.6 6.1 5.4
A 7.1 6.9 6.3 A 6.1 5.9 5.4
s 6.7 6.9 6.7 s 5.6 5.7 3.5
0 6.1 6.6 6.8 0 s.1 5.5 5.6
N 5.2 6.0 6.4 ] 3.7 a2 Wy
b 4. 5.5 .9 D 3.2 3.6 39
Location: Indimpol!'.n, m Latitude: 39° 40* Location: Iayokern, CA Latitude: 35° 40'
. TILT ANGLE TILT ANGLE
nowTH LATITUDE  LATITUDE  LATITUOR wowrt LATITUDE  LATITUDE  -LATITUBR
-130 +150 -130 *130
J 2.8 -2.7 2.8 J 5.3 6.2 6.6
r 3.3 3.8 3.5 ? 6.7 7.3 2.5
u T 'R ] 43 ] 0.2 8.4 8.2
A 5.0 A8 [ A 8.0 'R ] 7.8
" .7 5.2 a6 ] 21 8.3 7.2
3 6.l 5.3 Y 3 9.9 8.6 7.1
J 6.1 .6 4.9 ' 3 8.8 8.1 T 1.0
A 5.8 .6 5.1 A (X 86 7.8
‘ s 5.3 S.4 s.2 s 8.4 8.7 [ WY
° 4.3 s .6 ° 7.0 7.7 8.0
» 2.7 31 3.2 " s.9 (W] 7.3
D 2.1 2.4 2.6 o 5.1 6.1 6.6




NWC TP 6381
INSOLATION
(wi/a?)
. Location: uluu.'l!. Latitude: 42° 30' Locations Jsckson, H§ Latitudes 32° 20'
TILT ANGLE TILT ANGLE
MownY LATITUDE  LATITUDR  LATITUOS nowte LATITUDE  LATITUDE  LATITUDR
-159 +159 -150 +159
J 2.1 2.3 2.6 3 3.1 Ls 3.6
y 3.4 3.6 3.6 r 4.0 4.3 4.3
" 41 4l 3.9 ] 5.0 5.1 49
A 4k 4.2 3.8 4 5.9 5.7 .2
] 5.4 5.0 [ " 6.3 3.8 5.1
3 6.0 5.4 a7 3 6.2 .7 %)
J 6.1 5.6 4.9 J 6.2 5.7 5.0
A 3.3 5.3 8.9 A 6.0 5.7 5.3
s W) &8 .6 ] 5.3 5.3 s.1
o 37 3.9 4.0 ° 4.9 5.3 5.3
a 2.0 2.1 2.2 N 3.5 3.9 ('8
0 1.7 1.9 2.0 .3 " 3.0 3.3 3.6
Location: Jacksonville, FL Laticude: 30° 20° Location: Kamsas City, WO Latitude: 39° 20°
TILT ANCLE TILT ANGLE
MOWTH LATITUDE  LATITUOR LATITUDR nowte LATITUDR  LATITUDR  LATITUDS
~139 -13° -130 *15°
J 3.8 6.3 4.3 J 3.2 3.8 3.7
r 4.9 5.3 S.4 ’ 4.0 4.3 b
- " 5.5 .6 5.8 " .8 .9 &7
A 6.2 6.0 5.5 A 5.6 5.4 .9
u 6.4 5.9 3.2 ] 6.0 5.3 %)
‘ 3 3.9 5.6 6.7 1 6.6 6.0 5.2
¢ 3 6.0 5.5 4.9 3 6.5 6.0 5.3
A 3.8 5.3 8.9 A 6.3 6.1 5.6
s 4. 4.7 4.6 s 5.5 $.6 .4
° 4.3 4.6 4.6 o W 5.1 s.2
" 3.7 4.2 4 " 3.8 4.0 &2
D 3.2 3.7 3.9 ) 2.9 3.3 3.3
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: NWC TP 6381
o
&
‘; INSOLATION
(i /w?)
Locstion: Key West, ML Latitude: 24° 30' Location: Lake Charles, LA . Latitudes 30° 10°
e TILT ANGLE : TILT ANGLE ' i
n WONTH | LATITUDE  LATITUOS  LATITUDR wouTR LATITUDE  LATITUDR  LATITUDR
n -150 +159 -15° +13°
o 3 63 6.9 5.1 3 34 3.8 4.0
" ) 5.3 5.8 5.9 v .3 .5 “.6
L " 6.1 - 63 6.1 X 5.1 5.2 5.0
Y A .8 6.5 6.0 A 5.8 5.6 5.1
**: n 6.7 6.2 . 5 " 63 5.8 5.1
N 3 6.2 5.7 4.9 J 6.3 6.0 5.1
et 3 6.1 5.7 . 5.0 3 5.9 5.4 .8
wE ‘A 5.8 5.6 5.1 A .9 5.6 5.2
f é s 5.3 5.4 5.2 s 5.5 5.6 5.6 '
o) : '
J 0 .8 5.2 5.3 ° 5.3 5.8 5.9
¥ . 4.2 6.7 5.0 " a1 6.6 .
J‘— ) 3.8 6.3 .6 ° 3.3 R) 3.9
i | | »
ol Location: Lander, WY Latitude: 42° 30° Locations Lansing, MI Latitude: 42° 50°
e |
5 TILT AMGLE " TILT AMGLE
mowTH ATITUDE  LATITUDE  LaTITUDE MONTH  LATITUDE  LATITUDE  LATITUDE
s -130 150 -159 " el30
’ 3 s.8 5.6 - 6.0 3 2.5 2.8 - 2.9
- y 5.9 6.4 6.5 r 26 3.8 . 3.8
n .9 7.1 6.9 " 6.3 ) a8
A 1.3 1.0 6.4 A .6 . 4.0
n 6.9 ' 5.6 " 5.8 5.9 “? 1
) 1.3 .8 5.8 1 6.2 3.6 .9
3 7.3 X 3.9 3 6.2 3.7 5.0
A 7.1 6.8 6.2 A .8 . 5.8 sl
s 6.4 6.6 6.4 s 3.0 s.t .9
0 .8 6.3 e ° 1.9 o1 a2
" s 5.1 5.3 " 2. 2.6 2.7
] ('8 4.8 5.2 1} 2.0 2.3 2.4
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;]‘ ' | - NWC TP 6381
‘L INSOLATION
R ' (xm/a?)
:32 ¢ Location: Laramie, WY Latitude: 41° 20° Location: Las Vegas, NV Latitude: 36° 0°
8
o
- TILT ANGLE , TILT ANGLE
%! NOWTH LATITUDE  LATITUDE  LATITUDR nowTH LATITUDE  LATITUDE  LATITUDE
R -15° +15° -159 150
:\ 3 2.8 5.0 5.4 3 4.8 5.9 5.9
:-: 13 5.1 5.5 5.6 r? 6.2 6.8 6.9
. n 6.4 6.6 6.4 " 1.1 1.3 7.1
'C-a A 6.4 6.1 5.6 A 1.8 1.6 6.9
': " 6.3 5.8 5.1 " 8.1 7.4 6.4
f: 3 7.0 6.3 5.6 J 8.3 1.5 6.6
R J 6.8 6.2 5.4 3 7.6 7.0 6.1
< A 6.3 6.1 5.5 A 7.5 1.2 6.6
. ] s.6 5.7 5.5 ] 1.3 1.5 7.3 |
0 5.0 5.4 5.5 o 6.3 " 6.9 7.1 i
] 4.0 4.6 4.9 ] 5.1 5.9 6.3
. o 3.5 &1 8.5 D 4.3 5.3 5.8
:', Location: Lemont, IL Lacitude: 41° 40° Location: Lexington, KY Latitude: 360 0
) TILT ANGLE ' TILT ANGLE
. noNTH LATITUOE  LATITUDE  LATITUDE nowTH LATITUDE  LATITUDE  LATITUDE
: ;. . -130 180 ) -15¢ +15°
1 31 1 . 3 ’ 3 2.8 3.2 3.3
.. r 3.9 6.1 8.2 r 4.0 4.3 6.3
" 8.7 B 2 4.6 " s.1 5.2 5.0
., A .9 4.2 43 A 6.0 5.7 - 5.2
“’ n 5.8 5.3 W " 6.7 6.1 5.4
:Z“ 3 6.2 5.6 69 3 1.0 6.3 5.4
j J 6.0 5.8 .8 « 3 1.0 6.4 5.6
A 5.9 3.7 .2 A 6.7 8.4 5.9
s 5.1 5.1 5.0 ] 6.6 6.6 6.3
0 3.9 .2 42 0 5.4 5.8 5.9
" 2.6 2.9 3.0 " 3.8 4.3 .3
. D 2.3 2.6 2.8 0 2.9 3.3 3.3
>
¥ 5
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) NWC TP 6381
i3
. INSOLATION
‘ v (h/w?)
& Lesation: Lincols, W8 Letitude: 40° 50' - Location: Little Rock, AR " Latitude: 340 40
2
- TILT ANGLE TILT ANGLE
9 HouTH LTITWE  WTITRE  LaATITUDE nounHt LATITUDE  LATITUDE  LATITUNE
] ‘ -130 +180 v .19 130
i;; J 3.5 - 39 © A2 3 3.0 3.4 3.3

r 8.2 .5 &.3 r 3.8 R .l
" 5.0 3.1 a9 " 4.8 .9 .7
j A S 5.2 4.7 A 5.6 5.3 4.9
b n 5.8 5.3 A " 6.1 5.6 5.0
4 3 6.1 - 8.8 .9 1 &3 s .9
» 3 6.1 5.6 0 &9 3 6.3 5.8 S.l.
g A 6.1 5.9 $.4 A 7 6.0 5.8 5.3
% s S.4 5.8 5.3 s $.5 5.6 S.6
X ° 5.0 . 5.4 © 5.3 o 4.7 5.1 s.1
b » s 3.9 &l . 3.6 .0 w2
% » 3.1 C 36 3.9 ] 2.9 3.2 3.3
§ Locations Los Angeles, CA Lacicude: 33° 60 . Locatioms Louisville, XY Latitude: 38° 10°
gj . : . .
B TILT ANGLE _ TILT ANGLE
q,; . TR LATITOR " LaTtTUDR T o ug;?l tatrTUOR uﬁ;?i
:f 3 .0 as 8 ‘ B 2.7 30 T s
' 7 5.1 - 5.5 .8 r 3 3.8 3.8
" 6.2 s 2 N o . o
2 A ' €2 - 89 a 5.3 5.1 a7
P " o6 (R S.4 n (X) s.s .9
2 1 - 6.9 €3 3.4 3 P 5.7 .9

J 1.3 6.7 5.9 : 3 6.2 © 8 3.0
':‘ A 6.9 Y A 3.9 3.7 3.2
& s .8 .S 0.3 s 3.2 3.3 5.1
& ° 3.0 . S 3.3 o . a6 ')
% » 8. Y .2 " %0 3.3 33
< » 3.9 4.5 4.8 ] 2.4 2.7 2.9
»y
3
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NWC TP 6381
INSOLATION
(kWh/n?)
Location: Lynne, MA Laticude: 42° 30' Locationt Macom, GA Laticude: 320 40°
TIL? ANGLE TILT ANGLE

HONTH LATITUDE  LATITIDE LATLTUDS nouty LATITUDE  LATITUDE  LATITUDZ
-150 *159 -15° +159
J 2.1 . 2.3 2.3 3 3.7 2 T

r 3.5 3.7 3.7 ’ 4.3 4.8 48
u 6.4 A 4.2 n 5.2 5.3 Csa
A 5.0 4.8 W A 6.2 6.0 .9
" 3.3 4.9 4.3 " 6.5 6.0 5.3
J - 6.0 5.4 %) J 6.4 5.8 5.0
J 6.1 5.6 4.9 3 6.2 5.7 5.0
A 5.0 4.8 ok A 6.1 5.8 .3
! 4.4 4.3 8.3 s 5.6 s.4 - 5.2
° 3.4 3.6 3.7 ° 5.0 .3 . 5.4
] 2.1 2.3 2.4 N 3.8 4.3 4.5
» 1.7 1.9 2.0 p 3.2 3.7 3.9

Location: Madison, W1 Latitude: 439 10° Locationt Manhattan, KA Latitude: 39° 10°
TILT ANGLE TILT ANGLE

MONTH LATITUDE  LATITUDE  LATITUDE HOwTY LATITUDE  LATITUDE  LATITUDE
-15° : +159 -15° +15°
3 3.0 3 3.5 ] 14 3.8 .0
r " 3.8 &1 ’ 4.1 r 4.2 4.5 4.6
M .0 - 5.0 - 4.9 [ 4.8 4.9 4.7
A 5.0 4.8 4.4 A 5.3 5.3 .8
u 5.6 s 4.3 u 6.1 5.6 4.9
3 6.2 5.6 4.9 J 6.2 .6 49
J 6.3 5.8 5.1 J 6.0 .5 a8
A 5.8 5.8 .0 A 6.3 5.1 5.6
.8 5.3 5.4 " 3.2 s 5.3 .4 .2
0 4.2 85 .6 ° 6.3 4.6 a8
" 2.6 2.9 2.0 N 3.8 4.3 PR
D 2.6 3.0 3.2 b 2.7 3.0 .3




NWC TP 6381
IMSOLATION
(kW /w?)
Locstion: Hatanusks, AK Lacitude: 51° 30° Location: Medford, OR Latitude: 42° 20'
- ' TILT ANGLE TILT ANGLE
o WOWRM  LATITUDE = LATITUDE  LATITUDE wowTH LATITUDE  LATITUDE  LATITUDR
- 130 : T _ Rt +15°
‘ 3 1.8 2.0 2.2 ' 2.1 23 2.3
] 3.0 3.2 3.3 r 3.5 3.7 3.7
-_.. ] 5.6 5.7 5.6 M 6.9 5.0 4.8
:'_ij: s 5.6 5.3 4.8 A 6.3 6.0 5.5
"' n 5.8 5.0 6.3 M 6.9 6.3 5.9
f:::; 3 .53 6.8 6.1 J 7.3 6.6 5.7
' J 4.8 P 3.8 3 8.0 7.3 6.4
, A 6l 3.9 2.5 A 7.3 7.1 6.4
SR s 3.2 3.2 3.1 s 6.1 6.3 6.0
0 2.3 2.8 2.5 o 4.3 6.6 4.6
- » 1.4 6 . 1.7 . 2.6 2.9 3.0
S o 0.8 0.9 1.0 ® 1.3 1.6 1.7
s
Location: Memphis, T Latitude: 33° 0' Location: Miaai, L Laticude: 25° 50'
-1 TILT ANGLE TILT ANGLE
= HONTH LATITUDE  LATITUDE  LATITUDE uonTH LATITUDE  LATITUDE  LATITUDS
-7 . ~139 _ +15° -1%0 +15°
J 1 2.9 3.3 3.4 J 4.7 5.3 5.6
- r 3.9 4.2 4.2 r 5.5 5.9 6.1 ;
N 4.8 6.9 6.7 " 6.2 6.4 6.2 |
'-f'.‘ A 5.8 5.3 s.1 A 6.4 6.2 5.7
" n 6.6 5.9 5.2 n 6.4 5.9 5.2 |
:i: 3 6.6 6.0 " 5.2 J 6.0 5.8 6.8 ‘
: 3 6.6 6.1 5.3 J 6.1 5.7 5.0 ?
A 6.4 6.1 5.6 A 5.9 5.7 5.2
L: s 5.8 S8 s s 5.4 5.5 5.3
ﬂ 0 5.0 Seh 5.8 0 4.9 3.2 5.3
[+ L] 3.6 4.0 6.2 " 4.6 s.2 5.3
') 2.9 3.2 3.6 ) %) a9 5.3
“
X -
.
X
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}j .
X
,. NWC TP 6381
.! INSOLATION
Ry (ki /w2)
A )
\:3 Location? thlmq, bt Latitude: 11Y 60° Location: Milwsukee, W1 Latitude: 42° 60'
2
TILT ANGLE TILT ANGLE
MONTH IATITUDI. LATITUDE LATITUDE MONTH LATITUDE LATUCUDE LATITUDE
-159 ' 150 -159 s150
J 4.2 4.7 5.0 J 2.8 1.1 2.3
r 5.1 5.5 - 5.8 ¥ 3.5 3.8 ° 3.8
n 6.3 6.5 6.3 N 4.5 . 4.6 4t
A 6.8 6.5 6.0 A 5.1 5.9 4.5
n 7.1 5.5 5.7 N 5.9 5.4 4.8
J 6.9 6.3 5.6 3 6.3 5.7 5.0
J 6.9 6.4 5.6 J 6.6 5.9 5.2
A 6.9 5.7 6.1 A 5.9 5.6 5.1
R s 6.4 6.5 6.3 s 5.2 5.3 5.1
, 0 5.4 5.8 5.9 0 4.0 6.3 4
o . 4.6 5.2 5.5 v 2 Y 3.2 !
) 4. “8 5.2 ) 2.2 2.5 2.6 !
Location: Minneapolis- Latitude: 44° 50' Location: Mt. Weather, VA Latitude: 39° 0' |
se. Paul, N ;
1
TILT ANGLE TILT ANGLE
: nowrH LATITUDE  LATITUDE  LATITUDE wouTe LATITUDE  LATITUDE  LATITUDE o
T -150 - +150 -15° +15° i
J 2.9 3.3 3.4 3 3.0 3.3 3.4
r 3.9 4.2 4.3 1 4.4 4.8 4.8
' .6 4.7 ' " W) .8 4.6
A 5.1 49 4.5 A 5.2 5.0 " 4.3
'] 5.7 5.2 .6 " 5.9 5.6 .8
3 6.0 5.4 a7 J 5.9 3.3 .6
J ‘6.2 5.7 5.0 ] 5.8 5.3 8.7
A 5.6 s.4 49 A s.1 49 a3
’ s ') 5.0 .8 ) s W] a9 &7
° s 8.6 8b o 41 W TS
. " .5 .8 2.9 " 3.2 3.6 3.8
> 1.2 2.5 2.6 ] 2.9 3.3 3.3
79
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NWC TP 6381

INSOLATTON
(kn/w?)
Location: Nashviile, TN Laticude: 36° 10 Location: Natick, MA Laticude: 42° 20'
TILT ARCLE TILT ANGLE
MONTH LATITUDE  LATITUDE  LATLTUDE MOWTH LATITUDE  LATITUDE  LATITUDE
-15¢ +150 -150 . +130
J 2.5 - 2.8 2.9 J 2.8 3.1 3.3
7 3.6 .8 3.9 r 3.9 4.2 4.2
t 4.5 4.6 4 M 4.8 4.8 4.7
A 5.5 5.3 4.9 A 5.0 4.8 4.6
L] 6.0 5.5 5.9 M 5.8 5.3 4.7
3 6.4 5.8 5.0 J 4.5 4.1 3.6
3 6.2 5.7 5.0 J 5.8 5.3 “?
A 5.8 5.6 5.1 A 5.6 5.2 4.8
3 5.4 5.5 5.3 8 4.7 4.3 4.6
° 4.6 4.9 3.0 o 4.0 % | 4.3
N 2.3 3.7 3.8 " 2.4 2.7 2.0
° 2.3 2.8 3.0 D 2.3 2.9 3.0
Location: New Orleans, LA Latitude: 29° 60’ Locationt Mewport, RI Laticude: 419 30'
TILT ANCLE TILT ANGLE
MOWTH. LATITUDE LATITIDE  LATITUDE HOWTH LATITUDE  LATITUDE  _ LATITUDE
-15° +15° -15° +139
T3 3.0 3.3 3.4 3 2.8 3.1 3.2
' 3.5 3.7 3.7 r .8 4.0 4l
" .3 P 6.2 " 4.8 .9 &7
A 4.9 " a8 4 A 5.0 .8 s
R 3.1 4.8 8.2 x s.? 5.2 4.6
3 5.0 46 &1 3 6.0 5.4 a2
3 4.8 4.6 4.3 . J 5.9 3.4 W
A a0 46 - &3 A .3 3. a7
s a6 4.8 8.9 s 5.0 .0 (W]
0 A6 4.9 s.0 ) IS ah s
] 3.7 4.2 4.4 ] 2.9 3.2 3.4
T 1.1 3.3 1) 2.3 2.9 3.1

enasaues aonrneseaas.




INSOLATION :

) . - (kWh/w?) 1
Location: Mew York, NY Letitude: 40° 50° Location: MNorfolk, VA Latitude: 36° 50°
i
|
. TILT ANGLE TILT ANGLE ;
<
£ MONTH LATITUDE LATITUDE LATITUDE MONTH LATITUDE LATITUDE LATITUDE
: -15¢ +15° -150 . «15°
J 2.2 2.4 2.5 4 %4 3.8 4.0
r 3.1 1.3 3.3 F 4.1 o4 4.5
5% 'R 4.1 4.1 4.0 M 5.1 5.2 5.0
t A 4.6 4.4 4.1 A 6.0 5.8 5.3
\ ¥ 5.0 4.6 401 M 6.2 5.8 5.0
\ -3 5.3 4.9 4.2 J 6.4 5.8 5.0
:- J - 5.2 4.8 4.3 J 6.2 5.7 5.0
t' A 4.6 ° 4.6 4.0 A 5.7 5.5 ©os.0
f-.j- s 4. 6.3 41 s s s 5.0
:- ) 3.5 3.7 3.7 ) 6.6 6.7 4.7
~ ¥ 2.2 2.5 2.6 N 3.6 3.8 4.0
2 D 1.9 2.1 2.2 : 0 3.0 3.4 3.6
Loc.‘ltlion: North Omaha, NE Latitude: 419 20° Location: Oak Ridge, TN ugifudé: 369 0'
TILT ANGLE TILT ANGLE
_ MONTR  LATITUDE LATITUDE LATITUDE MONTH LATITUDE LATITUDE LATLTUDE
-15° 150 -15° +15°
J 4.0 | 4.5 4.8 J 2.6 2.9 3.0
¥ 4.7 5.1 5.2 f 3.5 3.7 3.8
* M 5.2 5.3 5.1 ] 4.4 43 6.3
y A 5.9 5.7 5.2 A 5.5 - 5.3 4.9
u 6.0 5.5 .9 n 5.9 . 5.4 “.8
3 6.3 5.7 4.9 J 61 5.5 .8
J ‘6.4 5.9 Cosa J 5.9 5.6 4.8
A 6.3 6.1 5.5 A 5.6 . 5.4 4.9
s 5.3 5.4 5.2 ] 5.3 S.4 5.2
o 4.5 4.8 4.9 () 4.5 6.8 4.9
] 2.6 1.8 4.0 N 31 .5 2.6
D D 2.5 2.8 3.0
.
!
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R
‘ INSOLATION
] (kih/n?)
. Location: Oklahoma City, OK Latitude: 135° 20' Location: Page, AZ Latitude: 36° 40'
-
g TILT ANGLE TILT ANGLE
MONTH LATITUDE  LATITUDE  LATITUDE MONTH LATITUDE  LATITUDE  LATITUDE
) : -150 +15° ~15° +15°
:.j_‘ J 4.1 4.7 5.0 J 5.3 6.1 6.6
N r 4.8 5.2 5.3 r 6.2 6.7 6.9
u 5.6 5.7 5.5 ] 7.6 1.8 7.6
A 6.2 6.0 5.5 A 7.8 1.6 6.9
" 6.2 5.7 5.0 M 8.1 1.4 6.5
3 7.0 6.4 5.5 ] 1.9 1.2 6.1
3 6.8 6.3 5.8 f] 1.7 7.1 6.2
A 7.0 6.8 6.2 A 7.1 6.9 6.3
:: s 6.1 6.3 6.1 ] 6.7 6.9 6.7
] ' 0 5.4 5.8 5.9 o 5.9 6.4 6.6
E " 44 5.0 5.3 ) 5.0 5.7 6.1
1} 3.9 4.5 4.9 D 4.1 4.8 5.3
[
; Lecation: Parkersburg, WV Latitude: 139° 20° Location: Pasadens, CA Latitude: 34° 10°
":.,
TILT ANGLE TILT ANCLE
nowTH LATITUDE  LATITUDE  LATITUDE MONTH LATITUDE  LATITUDE  LATITUDE
-150 +15° -15° 159
J 2.3 2.6 2.7 J 2.9 46 6.7
] 3.2 3.9 3.3 ¥ 5.0 S. 5.5°
] 4.2 4.3 4.1 M 6.0 6.1 5.9
A 4.8 4.6 4.2 A 6.3 6.1 5.6
x 5.7 5.2 4.6 M 6.5 6.0 5.3
J 6.1 5.8 4.8 J 6.5 5.9 3.1
J 6.0 5.5 4.8 : 3 1.2 6.6 5.8
- A 5.8 5.6 5.1 A 7.1 6.9 6.3
. s 5.1 5.2 $.0 s 6.1 6.2 6.0
o 4.1 44 4.4 0 5.0 .4 .5
: " 2.6 2.9 3.0 N 4.0 'R .8
D 2.2 2.4 2.6 ) 3.7 4.3 a6
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NWC TP 6381
INSOLATION
(kWh/=?)
Location: Pensacola, FL Latitude: 30° 30° Location: Peoria, IL Latitude: 30° 40'
TILT ANGLE TILT AMGLE
MONTH LATITUDE LATITUDE LATITUDE MONTH, LATITUDE LATITUDE LATITUDE
-150 . 159 -15° +15°
3 3.6 4.0 4.2 J 2.9 3.2 3.6
F 4.5 4.8 4.9 F 3.6 3.9 3.9
B 5.2 5.3 5.1 M 4.6 4.7 4.5
A 6.2 6.0 5.5 A 5.4 5.2 4.7
u 6.4 5.9 5.2 M 5.9 5.4 4.8
J 6.3 5.8 5.0 J 6.4 5.8 5.0
J 6.1 5.6 5.0 J 6.4 5.9 5.2
A 6.0 5.8 5.3 A 6.0 .5.8 5.3
s 5.3 5.4 5.2 s 5.4 5.5 5.3
) 5.2 5.6 5.7 0 4.5 4.8 4.9
x 3.8 4.3 4.5 N 3.0 3.6 :.s‘
D 3.2 1.6 3.8 D 2.4 2.7 2.9
Location: Phoenix, AZ Latitude: 133° 30' Location: Philadeiphis, PA tatitude: 1399 SO
TILT ANGLE TILT ANGLE
MONTH LATITUDE LATITUDE LATITUDE MONTH LATITUDR LATITUDR LATITUDE
-150 +15° -15° +15°
J 4.7 5.4 5.7 3 3.1 3.6 3.6
F 6.2 6.7 6.9 r 3.8 4.1 6.1
" 7.2 7.4 7.2 " 4.9 5.0 4.8
A 8.0 7.7 7.0 A 5.4 5.2 4.7
M 8.3 7.6 6.6 " 5.7 5.2 4.6
J 8.2 rb 6.3 3 6.2 5.6 .9
J 7.4 6.8 5.9 J 6.1 5.6 4.9
A 7.2 7.0 6.4 A 5.6 5.4 4.9
s’ 1.2 7.4 1.2 8 5.0 s.1 6.9
0 6.3 6.9 . 7.1 o 4.2 4.6 4.6
] s.1 5.9 6.3 " 3.0 3.4 3.6
D 4.5 5.2 5.7 0 2.6 3.0 3.2
83
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NWC TP 6381
INSOLATION
(kWh/a?)
Ldeation: Pittsburgh, PA Latitude: 40° 30° Locationt Pocatello, 1D Latitude: 42° 50°
TILT ANGLE TILT ANGLE
HONTH LATITUDE  LATITUDE  LATITUDE HowTH LATITUPE  LATITUDE  LATITUDE
-150 +15° -159 . +15°
J 2.7 1.0 3.2 3 3.2 1.6 3.7
r 34 3.6 3.6 ? 4.3 6.6 4.7
H 4.6 4.7 Cas u 5.5 5.6 5.6
A 5.1 4.9 6. A 6.8 6.6 6.0
" 5.7 5.2 6.6 " 6.8 6.3 5.5
J 6.3 5.7 4.9 I 7.3 6.6 5.7
1 6.2 5.7 5.0 J 7.7 7.1 6.1
A 5.8 5.6 5.1 A 1.2 7.0 6.3
s 5.3 S 5.2 s 6.5 6.7 6.5
o 4.6 - 6.7 4.8 0 5.3 5.7 5.9
" .0 3.4 3.3 ) 37 6.2 .3
) 2.5 2.8 3.0 ) 3.0 3.5 3.8
Location: Port Arthur, TX Latitude: 299 $0' Location: Portland, ME Latitude: 439 40'
TILT AWGLE TILT ANGLE
MOWTH LATITUDE  LATITUDE  LATITUDE MOWTM  _ LATITUDE  LATITUDE  LATITUDE

-1%9 . +159 ~15¢ ' +159
1 3.2 3.6 32 J 31 3.3 R
r a1 - a3 b ) 8.2 .5 4.8
" 4.9 5.0 .8 R 3.3 5.6 5.4
A 5.3 5.1 4.7 A s.2 5.0 .6
n 6.2 5.8 5.1 u 6.0 3.8 .8
J 6.4 X | s.1 J 6.1 5.5 4.8
3 6.0 .8 89 3 6.3 5.8 s.1
oA A 5.6 5.5 5.0 A 5.9 5.6 5.1
::::‘, s s.3 S.6 .2 s 5.1 5.2 5.0
X 0 X 3.4 0 43 o %)
R " .4 38 6.0 " 2.7 3.0 3.2

L .
) 3.0 33 2.6 ') 2. 3.1 3.3

[ J
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5
INSOLATION
(ikm/a?)
’ Location: Portlend, OR Latitude: 45° 40' Location: Prosser, WA Latitudes 46° 10'
TILT AWGLE TILT ANGLE
wowTn LATITIDE  LATITUDE  LATITUDR now! LATITUDE  LATITUDE LATITUDE
-150 +15° -130 . ’15°
3 1.8 1.9 2.0 J 2.4 1 2.8
r 2.7 2.8 2.8 r 8.2 6.5 %]
u 3.6 36 3.4 " 3.6 5.8 3.6
s 6.6 44 4.0 A 7.0 6.7 6.1
n 5.0 4.6 4.0 " 7.4 6.8 5.9
3. 5.3 “s 62 3 7.7 6.9 5.9
3 6.3 5.8 5.1 3 8.1 .5 6.5
A 5.6 5.2 6.1 A 7.7 7.4 © 67
s 4.7 4.7 4.5 s 6.7 6.9 6.7
° 31 2 - 33 0 6.7 5.1 5.1
" 2.0 2.2 2.3 " 2.5 2.8 3.0
) 1.5 ) 1.8 D 2.0 2.3 2.5
Lecationt Pusblo, CO Latitude: 138° 20' Location: Pullman, WA Latitude: 46° 40'
' TILT ANGLE TILT ANGLE
wowTH LATITUDE  LATITUDE  LATITUDE HONTH LATITUDE  LATITUDE  LATITUDE
-13° +15° -150 150
J 5.0 5.7 6.1 1 2.6 2.9 3.0
r 5.8 6.3 6.5 r 3.3 3.3 16 .
n 6.5 6.6 6.4 " 4.7 6.7 (W
_ A 1.0 6.7 6.1 A 6.1 5.9 5.3
. ] 7.0 6.4 5.6 " 6.5 5.9 5.2
- 3 1.3 6.8 5.8 3 1. 6.9 5.9
e ' 7.3 6.7 - 5.9 3 8.2 7.5 6.5
= A 7.2 7.0 6.4 A 6.9 6.6 6.0
ﬂ s 6.6 6.8 6.6 s 6.1 6.3 6.1
9 ° 5.9 6.3 6.6 0 3 “s s
r" . * 5.0 5.8 6.2 N 2.8 2.2 3.4
) ' 5.2 . 5.6 ) 1.9 2.2 2.3
: 85
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INSOLATION
(kin/w?)
Location: Mut-In-Bay, OH Latitude: 419 40' Location: Raleigh, MC Latitude: 359 50°
TILT ANGLE TILT ANGLE
MONTH LATITUDE - LATITUDE ixrmm MONTH . LATITUDE u‘nnm LATITUDE
-15° +15° -15° +15°
J 2..0 2.2 2.3 J 3.9 b4 4.6
r 3.2 3.4 3.4 r 6.6 5.0 5.1
] 4.2 4.2 4.0 M 5.5 5.6 5.5
A 4.7 4.5 4.1 A 5.9 5.7 S.2
M 5.8 5.3 4.7 M 5.8 5.4 6.7
J 6.1 5.5 4.8 J 6.4 5.8 5.0
J 6.4 5.9 5.2 J 6.1 5.6 4.9
A 6.2 6.0 5.5 A 5.7 . 3.8 - 5.0
s " 8.3 3.4 5.2 s 4.9 4.9 4.8
o 6.3 .8 4.9 0 3 6.6 07
3 2.6 2.9 3.0 N 3.6 4.0 "4.3
D 1.9 2.1 2.2 ] 3.2 3.7 4.0
Locations Raleigh-Durhas, NC Latitude: 35° 30' Location: Rapid Cicy, 3D Latitude: 4&4° 16'
TILT ANGLE TILT ANGLE
HONTH LATITUDE LATITUDE . LATITUDE MONTR ' LATITUDE LATITUDE unm'
-13¢0 +15° -15¢ +150
4 J.? 3.9 4.1 J 4.0 4.6 4.8
4 L Y% ) 4.6 4.6 r 5.2 © 8.7 5.8
M 5.1 5.2 5.0 " 8.2 6.4 6.2
A 6.0 5.8 3,3 A 6.3 6.1 3.6
b 6.0 5.6 4.9 [} 6.3 5.8 3.1
J 6.0 5.4 6.7 J 6.7 6.0 5.2
J 6.2 s.7 5.0 J 6.8 6.2 5.4
A 3.7 3.5 5.0 A 6.6 6.4 s.8
] 3.0 5.1 4.9 8 6.0 6.1 5.9
(] 6.6 4.7 4.8 [+] S.1 5.6 3.7
n 3.6 4.0 4.3 N 4.0 4.3 4.8
[ 3.1 3.5 3.8 ] 3.3 3.9 6.2
;




NWC TP 6381
INSOLATION
(kWh/w?)
Location: Remo, NV ' Latitude: 399 30° Location: Richland, WA ) Latitude: 46° 20'
TILT ANGLE . TILT ANGLE
HowTH LATITUDE  LATITUDE  LATITUDE  woumn LATITUDE  LATITUDE  LATITUDE
: -15¢ +15° -150 ' +15°
' 4.3 4.9 5.2 J 1.6 1.9 1.8
r 5.4 5.8 . 6.0 r 3.7 3.9 .0
" 6.5 6.7 5.5 N 5.2 5.3 5.1
A 7.6 7. 6.7 A 6.2 6.0 5.6
u 7.8 7.2 6.2 " 6.1 5.6 6.9
J 8.0 7.2 6.1 J 1.2 6.3 5.6
3 8.0 7.3 6.4 J 6.6 6.0 5.3
A 1.8 1.3 6.9 A 7.5 1.3 6.6
s 7.1 7.4 A s 5.5 5.6 S
0 6.1 6.7 6.9 0 3.7 4.0 4.0
s ] 4.8 5.5 5.9 " 2.2 2.5 2.6
- b 3.8 6.5 4.8 o 2.0 2.3 2.4
2 location: Richmond, VA Latitude: 37° 50 Location: Riverside, CA Lacicude: 33° 60
por!
g : TILT ANGLE : TILT ANGLE
. wowrH LATITUDE  LATITUDE  LATITUDE WOWTH  LATITUDE  LATITWOR LATITWOR
. : -189 +150 -159 *150
"Aj:' 3 3.1 3.5 3.7 J 6.3 49 © 8
. r 3.9 6.2 4.2 r 5.5 5.9 6.0
- N 5.0 5.1 4.9 " 6.3 6.7 6.5
A 3.7 5.3 5.1 A 6.6 6 5.9
7 " 6.0 5.6 .9 n 1.2 6.6 5.8
. J 6.3 s.7 5.0 3 1.6 6.9 X}
e ) 8.3 5.8 s.1 3 7.6 1.0 8.1
— A 5.7 5.5 5.0 A 7.3 2.1 6.3
s 5.0 5.1 .9 s 6.8 1.0 6.7
] &3 A &7 ° 5.7 6.2 6.3
‘ " 3.2 3.6 3.8 " o8 8.3 5.9
- ) 2.8 3.2 3.4 ) 4.3 5.0 5.4
)
;
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NWC TP 6381

INSOLATTON
, (kim/e?)
Location: Rochester, NY Latitude: 439 L0' Location: Sscramento, CA Latitude: 38° 30'
TILT ANGLE : - TILT ANGLE

WONTH LATITUDE  LATITUDE  LATITUDE - ' MONTH LATITUDE  LATITUDE  LATITUDE
-15° +15° -15° ' +15°
J 2.8 2.8 3.0 J 2.7 2.9 3.1
r 3.4 36 3.6 ] 4.2 6.5 ']
, u P .5 6.3 " 5.7 5.8 5.6
g A 5.1 6.9 4.3 A 6.7 6.5 5.9
5{? " 6.0 5.5 4.8 N 7.9 7.2 6.3
: 'y 6.4 s.8 5.0 3 7.6 6.9 5.9
3 6.9 6.0 5.3 I~ 1.8 71 6.2
A 6.0 5.7 5.2 A 7.0 6.8 6.2
8 5.0 5.1 8.9 s 6.4 6.5 6.3
0 3.8 sl .2 0 .6 5.9 6.0
) 2.8 2.7 2.9 " 3.6 40 . 43
0 2.1 2.4 2.5 ) 2.5 ‘2.8 3.0

Location: St. Cloud, MR Latitude: 439 30' Location: St. Louis, MO Latitude: 38° 40'
TILT ANGLE ' TILT aMOLE

MouTR LATITUDR  LATITUDE  LATITURR MONTH LATITUDE  LATITUDE  -LATITUDR
-130 +150 -150 +30
3 37 %Y a3 3 3.0 3.3 3.5,
r .8 3.1 5.2 y 3.9 sl e
n 5.8 5.9 8.7 " 49 a9 &7
A 5.6 3.3 4.8 A 5.4 5.2 %]
n 5.9 5.4 8.7 ] .1 5.6 3.0
3 .1 5.3 a8 F] 6.4 .8 3.0
: 3 63 5.8 - 5.1 ) 3 . 3.9 s.2
L A 1 .8 3.3 A 5.9 5.7 3.2
L-'I s 5.0 5.1 .9 ] s.4 5.9 3.3
0 3.8 &1 a2 0 .. .8 4
'L‘q " 2.7 3.0 3.2 . 33 3.7 3.9
r ® 2.6 3.0 .2 ' ) 2.3 2.9 3.1

e '
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: INSOLATION
(/w?)
Locationt Salt Lake City, UT Latitude: 40° 50° Location: Sea Antonio, TX Latitude: 29° 30°
© TILT ANGLE TILT ANGLE
MowTH LTITWE  LATITUDE  LATITWDE MONTH LATITUDE  LATITUDE  LATITUDE
~-159 +15° -13° +15°

J 2.9 3.2 3.4 J 4.0 4l 4.7

r 4.2 a.5 8.3 r 5.8 5.2 5.3

" 5.1 5.2 5.0 u 5.5 5.6 S.4

A 6.2 5.9 5.4 A 5.4 5.2 4.8

" 6.7 6.2 5.4 N 6.2 5.7 5.1

J 7.0 - - 6.3 3.4 3 6.8 6.2 5.3

J 7.0 e 5.5 3 1.0 6.5 5.7

A 6.7 6.k 5.9 A 6.8 6.6 6.0

s 5.9 6.1 5.9 8 6.0 . 6.1 5.9

0 4.9 5.2 5.2 ° 5.1 5.6 5.7

» 3.4 3.8 4.0 " 3.9 44 6.7

D 2.6 2.9 3.1 ) 3.5 T 4.0 6.3
Location: San Diego; CA ' Laticude: 329 40°' Location: San Francisco, CA Latitude: 37° S0'

TILT ANCLE TILT AWGLE
MONTH ‘LATITUDE  LATITUDE  LATITUDE MONTH LATITUDE  LATITUDE  LATLTUDE
-15° +150 -150 +150

3 4.1 4.6 4.9 J 3.2 . 3.6 . 3.8

T 5.0 5.4 5.5 r 4.4 5.7 .8

M 5.1 5.8 5.6 L] s .8 5.6

A 5.7 5.5 5.0 A 6.4 - 6.2 . 3.6

u 5.7 5.3 .6 n 6.7 6.2 5.6

J 5.7 5.2 Cas 3 6.7 6.1 " 5.3

J 6.2 5.7 T 5.0 3 6.1 5.6 a9

A 3.8 S.6 . 5.2 A 5.7 5.5 5.0

8 3.6 .7 s.s . s 5.5 5.6 5.4

0 4.9 5.2 5.3 ° 4.8 5.2 3.3

] 4.0 4.6 4.8 N 1.6 41 4.3

- D 1.7 6.3 4.9 ) 2.9 3.3 3.5
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NWC TP 6381
INSOLATION
(xWn/?)
Location: Santa Maria, CA Latitude: 349 50 Locationt Savannsh, GA Latitude: 32° 10'
TILT ANGLE TILT ANGLE
HoTH LATITRR  LATITUDE  LATLTUDE wouTH LATITUDE  LATITUDE  LATITUDE

-150 ’150 -150 . 159

- 3 a2 ' 5.1 J 17 6.1 4.3

r 5.3 5.8 5.9 r 4.5 .8 .8

'; _ # 6.7 .9 6.7 " 5.3 5.6 5.2

) A 1.0 1 el A 6.3 6.1 5.6

N M 1.3 ') 5.9 " 6.4 5.9 5.2

;‘ 3 1.8 7.1 6.0 1 6.2 5.7 6.9

T 3 1.7 7.1 6.2 3 6.1 5.6 6.9

:i-:: A 1.2 7.0 6.4 A 5.8 .6 3.2

[f‘,: 3 6.7 6.8 6.6 3 5.0 5.0 6.8

::.ff 0 "5.9 6.3 6.6 0 4.6 4.9 3.0

" A 4.9 5.8 5.9 " 3.7 4.2 o

) 41 - 6.7 s ) 3.2 3.6 3.9

Location: Sault St. Marie, MI Latitude: 46° 30' Location: Schenectady, WY Latitude: %2° 50'
TILT ANGLE TILT ANGLE
WONTH LATITUDE  LATITUDE  LATITUDE NONTH UATITUDE  LATITUDE  LATITUDE

-130 - +150 -150 150

3 2.8 R 3.3 3 2.3 2.6 .7

r 8.3 6.7 ) r 3.3 ) 3.3

o " 547 5.9 5.7 " 3.9 4.0 3.8

t, A 5.5 . 5.3 s.8 A 43 4l 37

»f M 6.2 5.7 . 5.0 " “s o 3.9

_"' J 6.2 5.6 a8 3 5.0 6 .0

~ 3 6.6 6.0 5.3 3 3.0 9 .1

:::'z A 5.8 5.6 5.1 A .8 .6 6.2

::'j s 46 6.3 8.3 s 3.9 3.9 3.8

s ) 3.8 3.7 3.7 - 0 3.2 3.4 3.3

¥ " 1.8 2.0 2.0 X 2.0 2.2 2.3

-:3 ) 2.0 2.2 2.4 ) 1.8 2.0 2.1
¥
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INSOLATLION
(aWh/nd)
Location: Seattle, WA Latitude: 479 30' Location: Shreveport, LA Latitude: 32° 20'
TILT ANGLE TILT ANGLE
4 MONTH LATITUDE  LATITUDE  LATITUDE HOWTH LATITUDE  LATITUDE  LATITUDE
':..: -150 +15° -15° +15°
3 1.5 1.6 1.7 3 3.0 3.7 1.9
:j:" r 2.3 2.4 2.% F 4.0 4.3 4.3
" 4.1 5.2 4.0 M 5.0 5.1 .9
sfii A 5.3 5.1 4.6 A 5.7 5.5 5.0
r‘_?j u 5.9 5.4 6.7 ] 6.3 5.8 5.4
'",-i ] 5.9 . 5.3 5.6 ] 6.1 5.6 6.9
.‘ J 6.6 5.9 s.2 3 6.3 5.8 5.1
© A 5.8 5.6 5.1 A 6.1 5.8 5.3
‘,: s 4.8 8.6 4b s 5.2 5.2 5.0
- 0 3.0 3.2 3.2 ° 4.6 6.9 5.0
t N 1.9 2.1 2.2 N 3.4 3.8 4.0
g ) 1.6 1.6 1.7 ? 2.9 33 3.5
': Location: Silver Hill, M Latitude: 38° 30' Locstion: Spokane, WA Latitude: 47° 40'
g‘ TILT ANGLE TILT ANGLE
r‘: HONTH LATITUDE  LATITUDE  LATITUDE MONTY LATITUDE  LATITUDE  LATITUDE
- -130 +150 -159 .89
Z-.: J 3.1 3.3 3.6 l 2.6 2.9 an
r 3.8 4.0 6.1 r 4.2 4.5 6.6
&) u 4.7 4.8 4.6 " 5.1 5.2 5.0
-
o A 5.5 5.3 4.8 A 6.3 6.1 5.8
" 5.9 $.6 o8 " 6.6 6.0 5.3
L 3 6.2 5.6 4.9 3 6.8 6.1 5.3
,“' J 5.9 5.4 .8 3 1.7 1.1 6.1
F A - 3.5 5.3 48 A 7.0 6.7 6.1
rd 8 5. 5.2 5.0 s 5.9 6.0 5.8 -
E:j ’ 0 8.2 4.3 8.3 ) 1.3 EX 3.6
‘:ﬁ " 3.2 33 %7 N 2.8 2.8 3.0
. ) 2.7 %l 1.3 ) 1.8 1.7 1.8
i
-
¥
-
"
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NWC TP 6381

A
&
E INBOLATION
(x¥m/w?)
toestiont State College, P4 - Latitude: 40° 30 Locations Stilluster, 0K Laticudet 36° 10
b _ T'll.‘l' ANGLE : ‘ TILT ANGLE
‘ o wouTH T woure LATITUDE  LATITWDE LATITUDE
£y , -150 : 150 =t *150
% ‘ L 23 2.6 27 3 3.4 3.8 .0
" r 3.2 3.4 3.4 | 4 &4 . 8.7 .7
i " a2 8. 4.1 "R 5.3 5.4 " sa
A 42 a8 w1 A S.6 - 3% 5.0
u 5.5 5.0 o4 " 5.8 5.3 %)
3 6.1 5.8 a8 3 66 6.0 s
b 3 6.0 5.5 “y’ 3 6.7 62 S
b & 5.5 2 . a8 A 8.5 6.2 ")
‘j s %) a1 4.3 s 5.8 .9 3.7
& ) 4.0 a3 4 0 a9 . 5. 5.4
v " B " e &0
‘ K 20 23 14 ) 3.3 a8 a1
iy © Loestion: Summit, WP . Laticudes A8° 20 Location: Syracuse, WY Latitudes 43° 10
&
e
v ‘ : mraas ' TILT ANGLR
L — ~ . ~ -
™ S +199 -15° : 0% o
oo 3 2.9 3.2 3.4 3 24 2.7 2.8
r 31 3.3 3.3 ) T 34
B K %3 (% ] 4.1 x (% 4. &1
j_ A 56 5.4 .9 3 48 . .2
» n 5.4 5.0 e " 3.7 5.2 a8
A ‘3 5.5 . %0 a3 3 .2 3.6 a9
' 'l ' s 5.2 F 6. s.8 %
) A 6b 6.1 . %6 A 5.7 5.4 . A
s 3.0 s.1 . s .8 o9 [
o 3.6 T ° 3.9 3.9 3.9
" 1.9 1 2.2 " 2.0 .2 2.3
» 1.6 1.8 19 i 1.9 2.1 1.1
92
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NWC TP 6381

INSOLATION
. (xWh/n?)
Location: Tallahssses, TL Laticudes 30° 30° Location: Tampa, FL Latitude: 279 60’
TILT ANGLE TILT AMGLE
MOWTH LATITUDE  LATITUDE  LATITUDE NouTH LATITUDE  LATITUDE  LATITUDE
-150 150 -159 o150
3 3.5 3.9 4.1 3 4.6 5.2 5.5
r .3 6.6 .7 r 5.3 5.8 5.9
¥ 5.5 5.6 5.5 ] 6.1 6.2 6.0
A 5.8 5.6 5.1 A 6.6 6.3 5.8
M 6.3 5.8 _osa " 6.8 6.3 5.6
J 5.4 4.9 4.3 3 6.4 5.9 5.1
J 6.2 5.7 5.0 J 6.1 5.6 5.0
A 6.3 6.1 5.5 A 5.8 5.6 s.1
8 5.2 5. 5.1 s .4 5.5 5.3
0 4.6 4.9 5.0 0 5.2 5.6 5.7
" 5.1 5.9 6.3 N 4.8 5.8 5.8 .
D 4. S 5.9 ) 4.2 4.8 5.2
Location: Trenton, NJ Latitude: 40° 10' Location: Tucson, AZ Latitude: 132° 10°
TILT ANGLE TILT ANGLE
MONTH LATITUDE  LATITUDE  LATITUDE MONTH LATITUDE  LATITUDE  LATITUDE
=150 . +150 -159 «150
3 21 4 3.6 3 4.9 5.5 5.9
r 3.9 4.2 4.2 ) 5.9 6.6 6.6
" 4.9 5.0 4.8 M 7.6 1.6 7.4
A $.4 s.2 ') A 8.2 7.9 7.2
& " 5.7 5.2 4.6 ] 8.5 7.8 6.8
L‘ P) 6.1 5.5 4.8 3 7.9 7.1 6.1
J 6.1 5.6 4.9 3 7.0 6.5 5.7
- A 5.6 5.4 4.9 A 6.9 6.7 6.1
] S.1 5.2 3.0 s 7.3 7.6 7.3
[ :
e 0 4.3 4.7 4.7 0 6.1 6.7 6.9
V. "
- n 2.2 .6 3.8 N s.3 6.0 6.5
30 ] 2.8 3 3.4 0 4.6 5.4 5.8
e
e
.
o
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;Jv NWC TP 6381

Te s INSOLATION
. (x¥h/u2)

Location: Tulsa, OK Laticude: 36° 10° Location: Twin Falls, 1D Latitude: 40° 30'

TILT ANGLE TILT ANGLE
MONTH °  LATITUDE  LATITUDE  LATITUDE woNTY LATITUDE  LATITUDE ~ LATITUDR
. -150 +15° -15° 150
J 3.4 3.8 4.0 J 2.9 ) 3.2 3.4
r 4.2 4.4 4.5 r 1.9 .2 6.2
" 5.1 5.2 5.0 n 5.1 5.2 5.0
A 5.4 5.2 4.8 A 5.9 8.7 5.2
M 6.0 . - S.5 6.9 X 6.4 5.9 5.2
J 6.5 5.9 5.1 J 6.6 6.0 5.2
3 6.6 5.9 5.2 J 6.9 6.3 5.5
A 6.3 6.0 "5 A 66 6.3 5.8
: s 5.6 5.7 5.5 s sa 5.8 5.6
. o 4.7 5.0 5.1 [} 4.2 6.8 &6
e " 3.6 6.0 4.3 " 2.9 3.2 14
- > 3.2 3.6 3.9 ° 2.3 o2 2.7
o .
- Location: Washington, DC Latitude: 38° 30 Location: Wichita, KS§ Latitudes 379 40°
E TILT ANGLE TILT ANGLE
:  MowTH LATITUDE  LATITUDE  LATITUDE wowTH LATITUDE  LATITUDE  LATITUDE
R : -150 : 159 -13° : 139
' 3 2.6 2.9 31 3 3.8 A a3
r ns 3.7 3.8 r .5 .8 69
" P 6.3 4.3 " 5.3 5.4 5.2
A 5.1 4.9 a3 A 6.0 5.7 s.2
LS I 4.7 4.2 " 6.3 5.8 .1
- J 6.2 5.6 6.9 ] 6.7 6.1 5.3 .
! 3 6.0 8.3 4.9 1 6.6 6.1 5.4
;::j A 5.8 5.1 4.8 A 6.5 6.2 $.7
E-::, s 6.7 4.8 a6 s 5.8 5.9 3.7
0 4.0 03 4.3 ° 5.0 5.6 5.3
= n 3.3 3.7 2.9 " 3.9 s )
i' ® 2.4 2.7 2.9 0y 3.3 3.8 &1
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Appendix E

STORAGE BATTERY
SPECIFICATION SHEET




FLAT PLATE PHOTOYOLTAIC POWER SYSTEMS: DESCRIPTION 2/2
DESIGN RND COST<U) NAVAL WEAPONS CENTER CHINA LAKE CA

R HALL ET AL. JUL 82 NHNC-TP-638
UNCLASSIFIED F/G tes2 . KL
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Cutott | Amp.br. | curremt Wﬁcaw'_!v Plotes [ .. mmimnm -
Voits | voliage | Capacity | Rate Amps Chgd. | Disch. | cent | Width | Height I 5oy Ngelw_ﬂm '

1380 200 05 1900 | 1120

. . SR R dth :
175 20 | (05 | 130 | 110 .-.‘.4_3.1 I‘?I"Ioah'“ 1_&6!—{
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N “ Overall Battery
Part No. Description Dimensions in Inches Net Weight Terminal
A L Length Width Height In Pou 1 .
4118 Standard ’ i68% ™ 9'; 70 ,;:' ,
76 .
80
76

,..."3

- 5780 ‘Wilth spiil-proof vents ©18% e 1 9"5
. . in'square steel cans 16% ™ 10",
4300 EDOXY sealed ) : 16%, s 9,

"! »

g

Part No. Description Dimensions in Centimeters NelWeight | 1o Diameter -
, Length Width | Height | inKilograms | iy Centimeters
Standard 1 178} ’m_‘ us T Tox

P S
: = e Lk
2 2
> &

gm0 With spifl-proof vents - | 409* 79 AR M5 . Ter T
B 9195 in square stesl cans 43 { 194 2.7 83 Lo or ]
s 4‘5’05 Epoxy sealed | 409 179 © 244 L7 X

.f‘ Recommended Charging Volteges Design Curve

For minimum water loss 2.30 voits/cell - 1000

| For maximum recharge 2.40 volits /cell E P TS I B 1 o B n foncate - ¥ i

‘ . : ~
Electrolyte level shouid be [ ‘1*! - TRE=

' %" (2.2 cm) above the battery plates. SN T -

b Use potadle odoriess water for o Tee B RINUL T T T oupelerny

"' filling to this level. . :
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Appendix F
INFLATION-DISCOUNT FACTORS?
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In these tables, the single-amount factors are to be applied
to one-time costs occurring in isolated years. Cumulative-
uniform-series factors are to be applied to identical annually
recurrent cash flows. The table numbers correspond to the
Differential Inflation Rate.

s
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£ Naval Faollities Enginesring Command. Economic Anelysle Hendbook, Alesandria, Va., NAVFAC, June 1075,
Pp. E-1—E-17. (NAVFAC P-442, publication UNCLASSIFIED.)
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| |  Table -5

PROJECT YEAR INFLATION-DISCOUNT FACTORS

Differential Inflation Rate = -5¢%
Qisecunt‘nate = 10%

o : ' Cumulative
Project Year - gingle Amount Uniform Sexies

0.933 0.933
0.812 1.745
0.706 . 2.450
0.614 ~ 3.064
0,534 3.598

LAYy e S AL P e e
Ra ¥ subhies T SR

Y I T 4.062
' 0.403 ' 4.465

- 0.351 4.816

. ; 0.305 5.121
1 o e U ‘0,, am R . f55386

- X NN

& n. .. 0.231 . 5.617
13 - 0.174 j | 5.992

14 0.152 644
18 - 04132 , 6.276

16 . 0.115% : 6.390 -
.17 0.100 ) 6.490

18 - 0.087 6.577

1 0.075 - 6.652

20 . 0.066 o 6.718

21 0.057 6.775
22 ‘ 0.050 6.824
23 - 0.043 6.868
24. : 0.037.
25 ~ 0.033

6

6

26 , 0.028 6
27 0.025 6.

' 7

7

7

2

~ =N

28 0.021
29 ~ 0.019
30 0.016

W =

* These factors are to be applied to cost elements which are antici-
pated to escalate at a rate 5% slower than general price levels.

100

T PSR N, SRR R £ I YV




T AT . bd e o)
—-‘h ww‘-1-; b “"";7_1“,‘.7‘?.?' L e e T T R T T T T S W R Ty gy TR T
PN e ~
- -

- --»Jm.‘ _4_..‘?‘41:-“‘.-.!‘-'».(‘- AP S .;..T.E ’ad... - § ’-‘ ‘.' .* '..' y .- ey y ‘ . ‘ “ -
. e e Y - - ..~‘..'.. g ‘\~-.‘;1.. " 4

PROJECT YEAR INFLATION-DISCOUNT FACTORS

Differential Inflation Rate = =-4%#
Discount Rate = 10%

: . » Cumulative
Project Year Single Amount Uniform Series

1 0.937 0.937

2 0.822 ) 1.759

3 0.721 } 2.481

4 0.633 ‘ 3.113

S 0.555 . 3.668

6 0.487 4.155

7 0.427 , 4,582

8 0.374 4.956

9 0.329 : 5.285
10 0.288 5.573

- 11 0.253 ) , 5.826
12 " 0.222 6.048
13 0.195 T 6.242
14 ‘ 0.171 : 6.413
15 4 0.150 6.563
16 0.131 6.694
17 0.115 6.809
18- 0.101 6.910
19 0.089 6.999
20 0.078 . . 7.077
21 ' 0.068 7.145
2 0.060 7.205
23 . 0.052 7.257

- 24 0.046 7.303
25 0.040 7.344
2 0.035 7.379
27 . 0.031 7.410
28 0.027 7.437
.29 0.024 7.461
30 0.021 _ 7.482

* These factors are to be applied to cost elements uhiéh are antici-
pated to escalate at a rate 4% slower than general price levels.
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P
S Table -3 -
S ‘Differential Inflation Rate = -3¢
j o Discount Rate = 10%
:?; -
b. ) : . » Cumulative
- _ ' Project Year  Single Amount Uniform Series
s 1 0.941 0.941
2 2 0.833 1.774
b 3 0.737 2.511
K 4 0.652 3.164°

5 0.577 3.741
',4, . . .
H 6 0.511 . 4.252
EQ 7 0.452 " 4.704
O 8 0.400 5.104
2 9 0.354 . 5.458

10 0.313 5.772
% 1 : 0.277 6.049
53 , .12 : , 0.245 6.294
¥ - 13 0.217 6.512
¥ © 14 0.192 . 6.704 ~

' 15 - 0.170 6.874
b 16 . eam " 7.024
X .17 ©0.133 7.158
3 18 ‘ 0.118 7.275
% B 19 0.104 7.380
3 ' .. 20 0.092 7.472
. a 0.082 7.554
d 22 0.073 7.626
! 23 0.064 7.690
o 24 0.057 7.747
4 25 0.050 7.797
) 26 | 0.044 7.841
3 : 27, . - 0.039 7.880
ol 28 } ' 0,035 : © 7.918
2 29 : 0.031 . 7.946
“ 30 - 0.027 7.973
 * These factors are to be applied to cost elements which are antici-
pated to escalate at a rate 3% slower than general price levels.
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Table -2

PROJECT YEAR INFLATION-DISCOUNT FACTORS

Differential Inflation Rate = =2%%
- Discount Rate = 10%

. Cumulative
Project Year . Single Amount Uniform Series

1 0.945 0.945
2 0.844 1.790
3 .0.754 , 2.543
4 0.673 3.216
5. 0.601 3.817
6 0.536 4.353
7 : 0.479 4.832
8 ' 0.428 5.260
9 : 0.382 5.642
10 ) 0.341 5.983
11 : ' 0.304 6.287
12 B 0.272 6.559
13 :  0.243 A 6.802
14 » 0.217 7.018
15 . - 0,193 ' 7.212
16 0.173 7.385
17 -+ 0.154 - 7.539
18 0.137 . 7.676
19 0.123 7.799
20 0.110 4 7.909
21 0.0%98 8.007

22 . 0.088 8.095 .
23 0.078 8.173
24 0.070 8.243
25 _ 0.062 8.305
26 .- 0.056 8.360
M 27 0.050 8.410
28 ' 0.044 - 8.454
29 0.040 8.49%4

- 30 - © 0.038% 8.529

-y

* These factors are to be applied to cost elements which are antici-
pated to escalate at a rate 2% slower than general price levels.
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o

" Table -1 ~
R PROJECT YEAR INFLATION-DISCOUNT FACTORS
v B .

I
"\f Differential Inflation Rate = ~1%+

ol .Discount Rate = 10%

‘J\;‘l

L%

™ :

' . : Cumulative
" _ Project Year . Single Amount Uniform Series
-3 1 0.950 0.950

e 2 0.855 1.805

v 3 0.771 2.576

‘ 4 0.694 3.270

o 5 0.626 , 3.896

$al .

R 6 0.564 _ 4.459

o . , 7. 0.508 4.967

b : 8 - 0.457 5.424

¥ 9 0.412 5.836

et 10 0.371 6.207

A .

= 1 _ 0.334 6.542

i 12 0.301 6.843 ,
5 13 0.271 7.115 -
h 14 0.245 7.359

p - 15 : 0.220 7.579

- 16 . 0.198 . 7.778

» 18 , 0.161 8.118

i 19 . -0.145 8.263

= 20 ' 0.131 8.394

L . : .

g 2 - .+ o.118 8.511

o 22 ’ ' 0.106 8.618

% 23 - 0.096 8.713

¥ 24 : 0.086 8.799

25 . - 0.078 8.877

R . :

s 26 " 0.070 8.947

s 27 , 0.063 9.010

% 28 0.057 : 9.066

b 29 0.051 9.118

30 _— 0.046 9.164

! '

N |

.::: * These factors are to be applied to cost elements which are antici-
~g,‘.. pated to escalate at a rate 1% slower than general price levels.
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Table 0
- PROJECT YEAR INFLATION-DISCOUNT FACTORS

Differential Inflation -Ratei= o>

- : Discount Rate = 10%
: Cumulative
- Project Year Single Amount Uniform Series
y 1 | 0.954 0.954
> 2 0.867 1.821
. 3 0.788 2.609
¥ 4 0.717 3.326
5 0.652 ‘ 3.977
N 6 0.592 4.570
_ 7 0.538 5.108 |
2 8 0.489 5.597 3
& 9 : ' 0.445 , 6.042 ‘
10 0.405 ' 6.447 !
5 11 - 0.368 . 6.815 |
"-:: : 12 ' 0.334 ' 7.149 }
. . 13 : 0.304 : 7.453
» ’ 14 0.276 7.729
Y 15 0.251 , 7.980 :
. . 16 | 0.228 8.200 |
2B 17 © 0.208 . 8.416 |
- K 20 0.156 8.933
f& 21 - 0.142 9.074 ' |
b 2 0.129 9.203 |
4 ' 23 . . 0.117 9.320 |
3 . 24 o 0.107 9.427 !
' 25 . 0.097 9.524 ;

U 26 . 0.088 9.612
e » 27 0.080 9.692
‘i 29 _ 0.066 9.831
q <« * These factors are to be applied to cost elements which are antici-
pated to escalate at the same rate as the general price level.
] ’
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Table 1
PROJECT YEAR INFLATION-DISCOUNT FACTORS
Differential Inflation Rate = 1%*
Discount Rate = 10%
) _ Cumulative
Project Year . Single Amount Uniform Series

w 1 0.959 0.959
N 2 0.880 1.839
! 3 0.808 2.647

4 0.742 3.389
™ 5 0.681 4.070
.
& o 6 0.626 4.695
s : 7 0.574 5.270
8 8 0.527 5.797
i 9 0.484 : 6.281
@ .10 0.445 . 6.726
2 o n - 0.408 7.134
o 12 0.375 7.509
) 13 ' 0.344 7.853
iy 14 : - 0.316 8.169 -
- 15 . 0.290 : 8.459
. - | |
& 16 . 0.266 8.726
o] ' 17 0.245 8.970
o 18 : : 0.225 9.195
ks 20 : : 0.189 ' 9.590
. , ' 2. 0.174 9.764
. _ : 22 . 0.160 9.924
A , . . 23 0.147 , 10.070
2 24 g 0.135 . 10.205
;% o 26 S 0.113 10.442
g : 27 . 0.104 . 10.546
2 o 28 0.096 10.642
o , 29 0.088 10.730
h ' 30 . 0.081 10.810
) * These factors are to be applied to cost elements which are antici-
§ pated to escalate at a rate 1% faster than general price levels.
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Table 3

PROJECT YEAR INFLATION-T ISCOUNT FACTORS

Differential Inflation Rate = 3%*
' Discount Rate = 10%

Cumulative
Project Year Single Amount Uniform Series
1 0.968 0.968
2 0.906 1.874
3 0.849 2.723
4 0.795 3.517
S 0.744 4.261
6 0.697 4,958
7 0.652 : 5.610
8 0.611 6.221
9 : 0.572 6.793
10 0.536 7.329
11 ‘ 0.501 7.830
12 0.470 8.300
13 0.440 8.739
14 ' 0.412 9.151 L
15 , 0.386 9.536 -
16 - 0.361 9.897
17 0.338 10.235
18 - 0.316 10.552
19 0.295 . 10.848
20 0.277 ‘ 11.126
21 0.260 11.386
22 0.243 - 11.629
23 o ’ 0.228 11.857
24 . 0.213 ‘ , 12.070
25 0.200 12.270
& 26 0.187 : 12.457
,}3 27 0.175% 12.632
%! 28 0.164 12.796
;; 29 0.154 12.950 i
%) 30 0.144 13.093 : -

1]

£

* These factors are to be applied to cost elements which are antici-
pated. to escalate at a rate 3% faster than general price levels.
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Table 4

PROJECT YEAR INFLATION-DISCOUNT FACTORS

Differential Inflation Rate = 43*
Discount Rate = 10%

. Cumulative
Project Year Single Amount Uniform Series
1 0.972 0.972
2 0.919 1.892
3 0.869 2.761
4 0.822 3.583
5 0.777 4.360
6 0.735 5.095
7 - 0.695 . 5.789
8 0.657 6.446
9 0.621 7.067
10 0.587 7.654
[ - ' | 1 0.555 8.209
o . , 12 : ~ 0.525 : 8.734
x 13 0.496 9.230
s ‘ 14 - © 0.469 9.699
hl : 15 0.443 10.142
3 ' 16 0.419 10.561
& ) 17 0.396 10.958
T 18 0.375 11.333
& .19 ‘ 0.354 11.687
g : 20 ‘ 0.335 12.022
S ' 21 0.317 12.339
b _ 22 0.299 12.638
e , 23 0.283 12,921
o , ‘ : - 24 0.268 13.189
N ' 25 0.253 13.442
L 26 0.239 : 13.681
;;< : 27 0.226 : . 13.908
2 : : . 28 0.214 . 14.121
o 29 0.202 14.324
@ i 30 0.191 14.515
b |
:q * These factors are to be applied to cost elements which are antici-
i N pated to escalate at a rate 4% faster than general price levels.
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. Differential Inflastiun Nate = 54¢
. ' . Discount Rate = 18

k% .

i , SR : Cumulative ‘ \

Project Year Single Amount Uniform Series

& 1 0.977 0.977

% 2 0.933 ' 1.910

b 3 0.890 2.800 1
& 4 0.850 3.650 _

b s 0.811 4.461 ' ]
L) i . - : ]
5 6 0.774 5.235 {
a8 7 , 0.739 5.974

i .8 S 0.706 6.680

o 9 © 0.673 7.353 : w
N 10 0.643 | 7.996 ' i
b . : _

%a 11 . 0.614 | 8.610 {
: 12 0.586 9.196 . - , |
- 13 ' 0.559 9.755 !
N 14 . 0.534 10.288 R
® 15 0.509 10.798

by 16  0.486 11.284

y 17 0.464 11.748

33 18 : 0.443 ©12.191

q 19 0.423 12.614

® 20 - 0.404 T 13.018

i ' .21 ' 0.385 13.403

A , - I : 0.368 13.7711

b : 23 0.351 14.122

el .24 ' 0.338 14.458

K : 25 ' 0.320 14.777

N 26 0.305 15.083

B o 27 0.292 15.374

¥ 28 . 0.278 115.653 ~ -

% 29 0.266 15.918 S

; 30 0.254 16.172 :

1

. * These factois are to -hc-applhd to cost elements which are antici-
 pated to escalate at a rate 5% faster than general price levels.
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: Table 6

PROJECT YEAR INFLATION-DISCOUNT PACTORS

L i
L% e %y rwn"w.'u.'y‘_"-".“-'."".' C A )

Differential Inflation Rate = 6\*
Discount Rate = 108

~ Project Year ‘ Single Amount

1 0.982
2 0.946
3 0.912
4 0.878
5 0.847
6 0.816
7 0.786
8 0.757
9 0.730
10 - 0.703
11 0.678
12 0.653
13 0.629 .
14 0.607
15 0.584
16 0.563
17 . 0.543
18 1 0.523
19 0.504
21 0.468
22 0.451
23 0.43S
24 0.419
2s 0.404
26 0.389
‘27 0.37%
28 0.361
29 0.348
30 0.338

Cumlative

Uniform Serxies ‘

0.982
1.928
2.839
3.718
4.564

5.380
6.166
6.923
7.653
8.357

9.035
9.688
10.317
10.924
- 11.508

12.071
12.614
13.137
13.641
14.127

14.595
15.046
15.460
15.899
16.303

.16.692
17.066
17.427
17.775

'18.111

. ‘ﬂu'u'ﬁetou are to be applied to cost eiements which are antici-
pated to escalate at a rate 6% faster than general price levels.
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-c? : , Table 7 -
O-A“ .
A : PROJECT YEAR INFLATION-DISCOUNT FACTORS
R | Differential Inflation Rate = 7%*
W Discount Rate = 10%
:5,'
X3
b & Cumulative
Project Year Sj.ngle Amount Uniform Series
N 1 0.986 ~ 0.986
b 2 0.959 . 1.946
XY 3 0.933 2.879
" 4 0.908 . 3.787
. 5 0.883 4.670
v 6 0.859 . 5.529
~ 7 . 0.836 ' 6.364
ol 8 , 0.813 7.177
a2 9 . 0.791 7.968
10 0.769 8.737
7 un . 0.748 9.485
. - 12 0.728 T 10.212
oy 13 0.708 10.920
o 14 0.688 11.608
. 15 ' 0.670 12,278
s 16 . 0.651 12.930
N 17 . 0.634 13.563
i 18 ' 0.616 " .14.180
i 19 ' 0.600 ' 14.779
B 20 0.583 15.363
it 21 , 0.567 15.930
Ly 22 0.552 16.482
B 23 . 0.537 .17.019
é; 24 0.522 17.541
A 25 0.508 : © 18.049
¥ 26 . . 0.494 . 18.543
5 27 ‘ 0.481 19.023
bl 28 ' 0.467 19.491
) 29 . 0.488 | 19.946 }
R 30 _ 0.442 _ 20.388 '
v * These factors are to be applied to cost elements which are antici-
3 pated to escalate at a rate 7% faster than general price levels.
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Table 8

PROJECT YEAR INFLATION-DISCOUNT FACTORS

Differential Inflation Rate = 8%*

R Discount Rate = 10%
) Cumulative
. Project Year Single Amount Uniform Scries

1 0.991 0.991

2 0.973 . 1.964

3 0.95% 2.919

4 0.938 3.857

5 0.921 4.777
6 0.904 5.681-

7 0.888 ' 6.569

8 0.871 7.440

9 0.856 8.296

. 10 0.840 . 9.136

11 . 0.825 9.961

12 o 0.810 . 10.770

) 13 0.795 11.565
- 14 0.781 12.346
: 15 : ’ 0.766 13.112
16 ‘ ' 0.752 13.865

17 0.739 14.603

8 : 0.725 . 15.329

19 ‘ 0.712 16.041

20 0.699 '16.740

21 - 0.687 17.427

22 0.674 18.101

23 0.662 18.762

24 . , - 0.650 19.412

25 . 0 638 20.050

. 26 0.626 20.676
27 . 0.615 21.291

: , 28 0.604 21.895
. 29 0.593 ' 22.488

30 . 0.582 23.070

* These factors are to be applied to cost elements which are antici-
pated to escalate at a rate 8% faster than general price levels.
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) Tsble 9
o PROJECT YEAR INFLATION-DISCOUNT FACTORS
! - Differential Inflation Rate = 9%+
_.,-2 _ Discount Rate = 10%
o _ Cumulative
Project Year . Single Amount Uniform Series
A 1 0.995 0.995
" -2 0.986 1.982
{3 3 0.977 2.959
5, 4 0.969 3.928
‘ -] 0.960 4.887
N 6 0.951 . 5.839
-‘: s 8 00934 7-715
N ‘ 9 | 0.925 8.640
10 , 0.917 9.557
o 1n 0.909 10.465
& 12 0.900 11.366
] 13 0.892 12.258
% 14 0.884 13.142 B
15 .0.876 14.018 :
16 0.¢48 14.886
¢ 17 0.860 15.746
18 0.852 16.598
19 0.845 17.443
20 0.837 18.279
21 0.829 19.109
22 0.822 19.930
23 0.814 20.745
24 0.807 21.551
25 0.800 22,351
26 0.792 23.143
27 0.785 23.928
28 0.778 24.706
29 0.7 25.477 . .
30 0.764 26.241

* These fuctm m. to be applied to cost elements which are antici-
pated to escalate at a rate 9% faster than general price levels.
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:::: Table 10

T , :

:i"i » PROJECT YEAR INFLATION-DISCOUNT FACTORS
k Differential Inflation Rate = 108*
P . Discount Rate = 10%
N : Cumulative

_ Project Year Single Amount ‘Uniform Series
2 1 1.000 1.000

o 2 1.000 2.000

~= 3 1.000 3.000

-;Y; ‘ 1.000 ‘om
N 5 1.000 5.000
k. 6 1.000 6.000

e ? 1.000 ~7.000

o 8 -1.000 8.000

- 9 1.000 9.000
10 1.000 10.000
.
» 11 1.000 11.000

» 12 1.000 12.000

X 13 1.000 13.000

! 14 1.000 14.000
' 15 '1.000 15.000
»{'.;; 16 1.000 16.000

A 17 1.000 17.000

s 18 ©1.000 18.000

/ 19 1.000 19.000

20 1.000 20.000

i 21 1.000 21.000
X 22 1.000 22.000

o 24 . 1.000 24.000

& 25 1.000 25.000
T 26 1.000 26.000
2 27 1.000 27.000

M 28 1.000 28.000

;-j . ' 29 1.000 39.m
-30 1.000 '30.000
j o * These factors are to be applied to cost elements which are antici-
2 pated to escalate at a rate 10% faster than general price levels.
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